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In the northern spring-wheat area 
of the United States drought and rust 
are the principal limiting factors in 
successful wheat production, and are 
the: causes of enormous losses. Since 
certain varieties of wheat have been 
found to possess resistance to these 
destructive agencies, the problems for 
further improvement are important to 
the wheat breeder. 

The writer here presents some early 
studies made in a cross between Kota, 
a rust-resistant variety of hard red 
spring wheat, and Hard Federation, 
a drought-resistant variety of white 
wheat. The effect of this resistance on 
vield is of great economic importance. 
High vield, however, is not the only 
consideration; the quality of the prod- 
uct is of equal importance to that of 
vield. A careful study of the milling 
and baking qualities of the parents and 
hybrids, therefore, is included in the 
present work. 

MATERIAL AND METHODS 

A new variety of hard red spring 
wheat in order to be successful must 
yield more than the principal competing 
commercial variety and be equal or 
superior to it in milling and baking 
qualities. The most extensively grown 

variety of hard red spring wheat at the 
present time is Marquis. The value of 
the parents and hybrids in this study, 


therefore, will be determined in com- 
parison with the Marquis variety. 


SELECTING THE PARENTS 


Kota and Hard Federation were se- 
lected as parents for the cross here dis- 
cussed because they appeared to supply 
the best available material for com- 
bining in one study the problems of 
breeding for both rust and drought re- 
sistance. The reasons which _ influ- 
enced the selection of the varieties used 
are their high vielding ability under 
conditions of rust and drought, and the 
milling and baking qualities of both 
varieties. They have several con- 
trasting morphological characters and 
milling and baking qualities which con- 
tribute to their value. The inheritance 
of these is important. 

Both varieties are comparatively 
new to the farmers of the northern 
spring-wheat area of the United States. 
They are new even to the experimental 
agronomist. Neither has been in- 
cluded in varietal experiments for 
longer than six years. The writer be- 
lieves, however, that they have been 
sufficiently tested to insure their 
successful commercial production over 
wide areas as well as their successful 
use in the mill and bakery. The 
commercial production of both varie- 
ties in the United States began in 1919 
and nearly 50,000 acres of each were 
grown in 1923. 

KOTA 


Kota is a variety of hard red spring 
wheat which is resistant to black stem 
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rust. The resistance in this variety 
was determined independently in 1918 
by Waldron and Clark (36).4 The 
original seed of the variety was ob- 
tained in Russia by Prof. H. L. Bolley, 
of the. North Dakota station, in 1908, 
while making a study of the flax in- 
dustry of Europe for the United States 
Department of Agriculture. Previous 
to 1918 resistance to stem rust of 
wheat was a quality not known to 
have been reported among varieties of 
hard red spring wheat grown in the 
United States. 

Kota has awned, fusiform spikes; 
glabrous, white, glumes; and midlong, 
hard red kernels. It is a midtall, 
midseason spring wheat which has 
weak to midstrong stems. 

For a more complete description of 
both Kota and Hard Federation, see 
Clark, Martin and Ball (6). 

ApAPTATION.—The acre yields of 
Kota have averaged considerably higher 
in North Dakota and South Dakota 
during the past three to five years than 
those of Marquis, the standard variety 
of hard red spring wheat. Kota also 
has produced good yields in the north- 
eastern portions of Montana and 
Wyoming. It has proved somewhat 
resistant to drought, as well as dis- 
tinctly resistant to stem rust, in the 
northern Great Plains area. 


States show that Kota lodges readily, 
and principally for this reason it yields 
poorly and is not suited to humid con- 
ditions. From central Montana west- 
ward, Kota also has not proved to be 
particularly well adapted. In this 
intermountain and Pacific coast area 
varieties of common white wheat, 
especially Hard Federation, have con- 
siderably outyielded both Kota and 
Marquis. 

Kota has been included in experiments 
at the North Dakota Agricultural Ex- 
periment Station near Fargo, N. Dak., 
for a longer period than elsewhere. 
‘xperiments at Mandan and Dickinson 
also show it to be well adapted to 
North Dakota. At Moccasin, Mont., 
however, which is outside of the area 
affected by stem rust, Kota is not 
better adapted than Marquis. The 
vields of Kota and Marquis obtained 
from replicated plat experiments at 
these four experiment stations serve 
to show the adaptation of Kota and 
are given in Table I, with the average 
difference in bushels, and per cent, the 
odds against the difference being due to 
chance as determined by Student’s (1) 
method. 

Additional yields and rust data re- 
ported by Clark and Waldron (9) give 
more complete information os 
the adaptation of Kota. Table 


TaBLE I.—Annual and average acre yields of Kota and Marquis wheat grown in 
experiments at four experiment stations during four or more of the six years from 


1918 to 1928, inclusive 





Acre yield (bushels) 


Station and variety | 


Fargo, N. Dak.:¢ 





re te eticuln dw iaiak iow 28.4 | 17.4 | 22. 
.,. See 21.5 | 15.7 | 12, 
Mandan, N. Dak.: > | 

| ES re Neca! Saeneeo 9. 
nots a maine sent dabincd node cataienen a 
6.6 | 22. 

3.4 | 15. 

peace 21. 

| RE eee See, Se oneal ae 


-olUCOUP UP 


1918 $20 | 1000 1921 | 1922 | 1923 P 


noo 


Per 
peg 
‘ Odds = age o 
Aver- _ Mar- 
| 98€ | once quis 
| 
| | 
17.8 | 30.8 | 29.2 | 24.4 44.3 | 36. 5:1 121.4 
19.4 | 26.1 | 25.5 | 20.1 |......)....-..-. 100. 0 
4.4 | 18.6 | 14.4 | 11.6 |+1.4 | 125.6: 113.7 
&6) M7 | 126) 8 |.....)-...... 100.0 
4.2 | 31.0 | 21.8 | 17.2 /+22] 91:1 114.7 
5.6 | 31.6 | 18.3 | 15.0 |......]....2... 100.0 
| | 
28.3 | 26.5 | 23.8 | 24.9 |-0.9| 15. 2:1 96. 5 
98.3 | 27.3 | 24.6 | 28.8 |......]......... 100.0 


27.3 | 24.6 | 25.8 





« Experiments conducted independently by the 


In the more humid sections of the 
spring-wheat region, including Minne- 


North Dakota Agricultural Experiment Station, the 
courteous permission to use the results being hereby acknowledged. 

> Experiments conducted cooperatively by the Offices of Cereal Investigations and Dry-Land Agriculture 
Investigations of the Bureau of Plant Industry, U. S. Department of Agriculture. 

¢ Experiments conducted by the Office of Cereal Investigations, Bureau of Plant Industry, U. S. Depart- 
ment of Agriculture, in cooperation with the State agricultural experiment stations. 


shows, however, that there is an im- 
portant and significant difference be- 


sota, Wisconsin, and Iowa, Kota is not tween the yields of Kota and Marquis 


well adapted. Experiments in these 


at Fargo and Mandan, but decreasing 





4 Reference is made by number (italic) to “ Literature cited,’’ p. 46-47. 











July | 


in s) 
war 
unti 
7 


peri 
Stat 
1918 
to ec 
quis 
sam) 
ing 
The 
expe 
sour 
not 

pari 
stati 
were 
conc 
were 


TAB 


an 
du 














July 1, 1924 





Inheritance in Kota-Hard Federation Crosses 8 





in significance at Dickinson and west- 
ward as damage.from rust decreases 
until at Moccasin, Mont., Kota is 
slightly outyielded by Marquis. 
Qua.ity.— Milling and baking ex- 
periments conducted in the United 
States Department of Agriculture from 
1918 to 1923, inclusive, show Kota 
to compare very favorably with Mar- 
quis in these respects. In all, 86 
samples of the Kota variety, represent- 
ing five crop years, have been studied. 
These samples were obtained from 
experiment stations and commercial 
sources. The commercial samples do 
not make possible an accurate com- 
parison with Marquis. At experiment 
stations, however, the two varieties 
were grown under exactly the same 
conditions and comparable samples 
were obtained for experimental milling. 


TABLE II.- 


trade and maintain the good qualities 
of the variety are a part of the object 
of this investigation. 


HARD FEDERATION 


Hard Federation is a variety of white 
wheat which has proved very resistant 
to drought. It was developed about 
1908 by J. T. Pridham, at the Cowra 
Experiment Station in New South 
Wales, Australia, by selection from Fed- 
eration. It was introduced into the 
United States by the United States De- 
partment of Agriculture in 1915, and 
was first tested at experiment stations 
at Moro, Oreg., and Chico, Calif. The 
success of the experiments was reported 
by Clark, Stephens, and Florell (8). 
From these stations seed has since been 
distributed to farmers. 


—Summary of milling and baking data from 86 samples of Kota wheat 


and from 60 of these Kota samples and 60 comparable samples of Marquis grown 
during the five crop years from 1918 to 1922, inclusive 4 


Descriptive data 


Comparable samples 


All Kota 


Kota in 
samples 

— MM ;. | percent- 

Kota Marquis age of 
Marquis 
Number of samples..................-.-. : : 86 60 _) Se 
Bushel weight - -__- pounds... 60.3 59.8 57.5 104.0 
Crude-protein content of wheat >__._._.__- per cent 14.3 14.9 14.2 104. 9 
pe eee . 74.2 73.4 71.4 102. 8 
Yield of shorts........... . do_... 14.1 14.7 14.2 103. 5 
Po DS 2 ca 14.1 14.1 16.5 85.5 
US eee = 2.4 2.2 2.1 104. 8 
Water absorption of flour... __- do__. 64.9 65. 5 60. 1 109. 0 
Volume of loaf...........-- “cubic centimeters 2, 242 | 2, 246 2, 272 98. 9 
, |” ea a are aie ane grams. 512 | 514 502 | 102. 4 
I Ne oad alana s Some dgee das eenneeese score. 91.4 | 91.0 89. 0 102. 2 
Color of crumb. --._- do__- 90. l 89.9 90.8 99. 0 
pt per cent... ¢ 54 | 4 57 451 111.8 





@ Experiments conducted by the Milling Investigations Section, Grain Division, of the Bureau of Agri- 


cultural Economics. 
> NX15.7, basis 13.5 per cent moisture. 
¢ Average of 84 samples. 
4 Average of 58 samples. 


Table II shows the average results 
from the 86 samples of Kota and from 
60 comparable samples of Kota and 
Marquis and the difference between 
the comparable samples expressed in 
percentage of Marquis taken as 100 
per cent. 

The data show Kota to exceed 
Marquis in most factors. A statistical 
analysis of these results by Clark and 
Shollenberger (7) fully discusses the 
significance of the differences and 
variability. There are objections to 
the Kota variety by the trade because 
of its high ash content and the creamy 
or yellowish color of its flour. To 
meet these objections by the grain 


Hard Federation has awnless, oblong 
spikes; glabrous, brown glumes; and 
short, hard, white kernels. It is an 
early spring wheat which has very 
strong stems and small leaves that twist 
or curl. This latter peculiar habit un- 
doubtedly is heritable. It apparently 
decreases transpiration, which is one 
cause of the resistance of the variety to 
drought. 

ApAPTATION.—Hard Federation has 
proved to be the highest yielding va- 
riety of spring wheat grown under dry- 
land conditions in Oregon. In Califor- 
nia it is grown from fall sowing and is 
well adapted to some soils. It also has 
produced excellent yields in central 
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Montana. In these Pacifie coast and 
intermountain States it often outyields 
Marquis from 5 to 10 bushels per acre, 
and it is rapidly becoming an important 
variety in many of the semiarid sections 
of the west. It is susceptible to stem 
rust and does not yield well where this 
disease is prevalent. 

Hard Federation has been included 
in varietal experiments for a longer 
period at the Sherman County Sub- 
station, Moro, Oreg., than elsewhere in 
the United States. During the six-year 
period, from 1918 to 1923, inclusive, 
in which it has been grown there, the 
annual-precipitation has averaged 11.36 
inches. When grown on clean sum- 
mer fallow under this limited rainfall, 
Hard Federation has proved a remark- 
ably drought-resistant wheat. East- 
ward the advantage decreases, although 


TaBLeE III. 
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ing due to chance alone, and the per- 
centage of Hard Federation in terms of 
Marquis. 

Table III shows that there is an 
important and significant difference in 
the yield of Hard Federation over 
Marquis in the drier western sections 
but the difference decreases in amount 
and significance eastward. 

Qua.tity.—Milling and baking ex- 
periments have been conducted by the 
United States Department of Agricul- 
ture with Hard Federation wheat dur- 
ing the 5 vears from 1918 to 1922, in- 
clusive. In all, 49 samples have been 
studied. As many as 44 of these can 
be directly compared with comparable 
samples of Marquis. Table IV gives a 
summary of these results. 

The data show Hard Federation to 
compare favorably with Marquis in 


Annual and average acre yields of Hard Federation and Marquis 


wheats grown in experiments at four agricultural experiment stations during three 


or more of the six yes from 1918 to 192. 


? 


3, inclusive 


Acre yield (bushels) 


Station and var'eiy 
| 


1918 | 1919 1920 


Moro, Oreg.¢ 
Hard Federation 
Marquis 
Moccasin, Mont.¢: 


nh 
te 
ez 
~ 


Hard Federation ~ .| 30. 
Marquis. : 23. 


Dickinson, N. Dak.*: 
Hard Federation 
Marquis ; 
Mandan, N. Dak. 
Hard Federation ae 
Marquis. - -. 5 ee 


no 


ee es Percent- 

' age of 

nver-| Die | 88° | Mar. 

1921 1922 | 1923 |“) eT" fer- quis 

age | ence 
| 29.0 21.0! 40.8 | 27.8 |+6.4 4999: 1 129.9 
167 PRO! $60) Gia to. kW. 100. 0 
| 321 | 34.2 /17,1 | 26.6 |+2.8 3:1 110.9 
28.3 | 27.3 | 24.6 | 25.8 : 1 

3.0 | 20.7 97) 14.1 |-44 10, 3:1 76. 2 
5.6 | 31.6) 183) 18.5 |.. ceccccce 100. 0 
6.7 | 181) 111 12.0 |+0.9 2. 3:1 108, 1 
3.8 | 16.7.| 12:9'| 11.1 }..... sea 100.0 


« Experiments conducted by the Office of Cereal Investigations of the Bureau of Plant Industry in 


cooperation with the Stite agricultural experiment 
> Damaged by hail. 


at Moceasin in central Montana it has 
produced some very favorable vields in 
dry seasons and when weeds were not 
abundant. At Dickinson and Mandan, 
Y. Dak., however, where stem rust, 
as well as drought, has’ limited the 
vields of wheat and where weed growth 
is abundant, Hard Federation has not 
shown to outstanding advantage. The 
short stems and curling leaves of Hard 
Federation render it unadapted for 
overcoming weed growth. The yields 
of Hard Federation and Marquis from 
varietal experiments at Moro, Mocca- 
sin, ‘ Dickinson, and Mandan, are 


shown in Table III, together with the 
differences in bushels, the odds against 
the occurrence of sucha difference be- 


station. 


most factors. For a white wheat it is 
shown in experiments reported by 
Shollenberger and Clark (30) to be one 
of the best varieties for breadmaking 
in its class. It has no important ob- 
jectionable feature when compared 
with Marquis, the leading variety for 
milling and breadmaking. The ash in 
its flour is low in comparison with 
Marquis and the color of crumb is high. 
Partly for these reasons it was selected 
for crossing with Kota with the hope 
that selections of the hybrid could be 
developed which would relieve the 
objection of the trade to the Kota 
variety. 
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TaBLE IV.—Summary of milling and baking data from 49 samples of Hard Federa- 
tion wheat and from 44 of these Hard Federation samples and 44 comparae 
samples of Marquis grown in one or more of the five years from 1918 to 1922, 


inclusive @ 


Descriptive data 


Number of samples 
Bushel weight 
Crude-protein content of wheat > 
Yield of straight flour. 
Yield of shorts. 

Yield of bran ; 

Water oe ga of flour 
Volume of loaf_. 

Weight of loaf. . 

Texture of crumb. 

Color of crumb - - 

Ash in flour 


* Experiments conducted by the Milling Investigations Section, 


Agricultural Economics. 
*“(N X 15.7, basis 13.5 per cent moisture). 
© 48 samples. 
4 43 samples. 
METHODS OF STUDY 

The Kota Hard Federation and 
reciprocal crosses here studied were 
made at the request of the writer by 
Florell (12) at Chico, Calif., in May, 
1920. The F, material, which included 
82 plants, was harvested by the writer 
at Chico, Calif., in June, 1921. The 
material was divided, one head from 
sach plant being retained in California 
to furnish seed for sowing at Davis, 
Calif., and the remainder sent to Wash- 
ington, D. C., for growing, storage, and 
distribution to other stations. About 
450 seeds were grown in the greenhouse 
at Arlington Experiment Farm, near 
Washington, D. C., during the winter 
of 1921-1922, which furnished F; 
material for growing in the field in 
1922. A few crosses were made in the 
greenhouse for furnishing additional 
F; material. 

In the spring of 1922 one head from 
each of the F, hybrid plants grown at 
Chico was sent from Washington to 
University Farm, St. Paul, Minn., to- 
gether with small quantities of F, and 
Fk, seed grown in the greenhouse at 
Arlington. Seed from all of the re- 
maining heads of the F; plants, except 
one from each Which was _ reserved, 
were sent to Mandan, N. Dak., to- 
gether with some of the F, seed grown 
in the greenhouse at Arlington. 

There was grown, therefore, F, 
material in 1922 at Davis, Calif., St. 
Paul, Minn., and Mandan, N. Dak. 


Comparable samples 


All Hard 


Federa- ae 

tion Hard has Ae 
samples | Federa- Marquis percent - 

La age of 
Marquis 

49 44 44 

59. 0 58.8 58. 9 v9.8 
per cent. _| 13.5 13.7 14.0 97.9 
do 71.7 71.6 73. 2 97.8 
.do 15, 2 15. 2 14. 1 107.8 
do 14.3 14.5 14.9 97.3 
do c 63. 3 63. 2 60.7 104. 1 
ee 2, 147 2, 152 2, 211 97. 3 

grams 509 509 503 101. 
per cent 89.7 89.8 88. 9 101. 3 
Gi... 93. 0 93.0 91.7 101.4 
do_. © 47.0 447.0 451.0 92, 2 
Grain Divis‘o., of the Baceai of 


This distribution of the material 
seemed desirable from both the eco- 
nomic and investigational viewpoints. 
It carefully guarded against loss of the 
material and furnished data for study 
of genetic and environmental influence 
at three points rather than one. At 
Davis, Calif., the seed was fall sown and 
grown under ideal conditions. At St. 
Paul, Minn., it was grown under con- 
ditions artificially insuring rust infec- 
tion and at Mandan, N. Dak., under 
usually droughty conditions. In 1922 
and 1923 both rust and dtought af- 
fected the crop somewhat at Mandan. 

The seeds from F, plants were care- 
fully spaced at all three points to 
enable the taking of data on individual 
F, plants. Both parents were seeded 


similarly check rows together with 
Marquis. The F; material grown in 
1922 was not used to complete the 


inheritance study of the cross, but for 
advancing material of the cross one 
year pre which to make selections. 
In 1923 F; selections were grown at 
Davis, Calif., Mandan, N. Dak., and 
Paul, Minn. In addition a few Fs 
selections were grown at Fargo, N. 
Dak. At Mandan, N. Dak., there also 
were grown about seventy-five F, selec- 
tions made there the previous season 
from seed grown in the greenhouse at 
Arlington. These selections were 
grown in single 16-foot nursery rows 
but with different rates of seeding due 
to the limited and uniform amounts 
of seed. No yields were obtained from 
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this nursery, therefore, but further se- 
lections were made from it and the 
most promising homozygous and rust- 
resistant rows threshed. The grain 
from twenty-nine of these has been 
studied in four quality tests in an 
early effort to determine the quality of 
the hybrids in comparison with the 
parents and Marquis. 

INHERITANCE OF CHARACTERS 

The cross has furnished material for 
a study of the inheritance of several 
valuable and interesting plant charac- 
ters and grain qualities. These char- 
acters which have been studied are 
inheritance of the awn or its absence, 
color of the glumes, color of the kernels, 
date of heading, height of plant, re- 
sistance to stem-rust infection, and 
yield. The grain qualities which thus 
far have been analyzed in the hybrids 
are crude protein, for the quantity of 
the gluten; viscosity, for the quality of 
the gluten; gasoline color test for the 
color of the flour, and ash determina- 
tion for the amount of ash in the flour. 

As resistance to black stem rust was 
one of the principal objects of the 
research, the material grown at Uni- 
versity Farm, St. Paul, was artificially 
inoculated with stem rust, using nine 
different specialized (biologic) forms of 
stem rust common to the spring-wheat 
area. Inaddition to the epidemic artifi- 
cially produced at St. Paul, opportunity 
to study rust resistance of the material 
was afforded by the occurrence of 
natural infection at Mandan, N. Dak. 

Important factors concerned with 
drought resistance were thought to be 
the presence or absence of awns, earli- 
ness of heading, height, and plant 
productiveness. The color of glumes 
and kernels apparently have no par- 
ticular connection with resistance to 
rust or drought, but were included to 
complete the study of the principal 
contrasting parental characters in the 
cross. The kernel color is of great eco- 
nomic importance. Red-kerneled vari- 
eties are demanded in the northern 
Prairie and Great Plains areas, while 
white wheats are preferred in the Pacific 
Coast States. 

The study here reported is concerned 
principally with the development of a 
hard red spring wheat for the northern 
Great Plains area. The principal ex- 
periments were conducted at the 
Northern Great Plains Field Station, 
Mandan, N. Dak., because there both 
rust and drought may occur with 
destructive severity. The cross, how- 
ever, is being used for breeding a com- 


‘leaf 


mon white wheat resistant to rust and 
drought, for the Pacific Coast States, 
particularly California, where losses 
from black stem rust are not infre- 
quent. 

DESCRIPTION OF THE F, 

The F, plants bore apical awns, 
varying from 3 to 20 mm. in length. 
This was different from the Hard 
Federation parent, which is almost 
entirely awnless. The glumes of the 
F’, plants were brown, but a somewhat 
lighter brown than those of the Hard 
Federation parent. The plants which 
were grown at Chico, Calif., showed a 
slight infection of both stem rust and 
rust. They were tall but had 
the stiff stems of the Hard Federation 
parent. The kernels were not es- 
pecially hard, being somewhat softer 
than those of either of the parents, 
and showed occasional indication of 


‘‘vellowberry.’”? Some of the kernels 
appeared to be much softer than 
others. The kernels were _ slightly 


longer than those of either of the par- 
ents. Aspike of an F, plant is shown in 
Plate 1, A in comparison with spikes of 
the parents. 

The F, plants grown at St. Paul, 
Minn., in 1922, proved to be susceptible 
to stem rust. 


SEGREGATION OF CHARACTERS IN 
THE F, AND F, 


A study of individual plants for the 
characters previously mentioned was 
made on the F; material grown at 
Davis, Calif., St. Paul, Minn., and 
Mandan, N. Dak., except that yields 
of the individual plants were not 
obtained from the California material. 

In the F; certain plant characters 
were further studied at Mandan, 
N. Dak., and Davis, Calif. Only at 
Mandan were yields of individual 
plants obtained. Notes on rust re- 
sistance were obtained at both St. 
Paul and Mandan. 

A summary of the data recorded on 
the segregation of characters in F, and 
F; is presented. 


AWNS AND THEIR ABSENCE 


Biffen (4) stated that “the beardless 
condition is a dominant, the bearded a re- 
cessive character.” Other early workers, 
particularly Tschermak (35) and Spill- 
man (32), obtained similar results in 
the first generation and also showed 
that in the second generation the awn- 
less and awned plants occur in the 
monohybrid Mendelian ratio of 3:1. 
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A.—Typical spikes of the varieties used as parents in the cross studied, together with the first generation 
progeny. (1) Kota, (2) F; hybrid, and (3) Hard Federation 

B.—Spikes of F2 hybrids representing the 5 classes for expression of the awn character, namely, (1) awn- 
less, (2) apically-awnletted, (3) awnletted, (4) short-awned, and (5) awned 
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In some cases the ratio of the fully 
awned to the intermediate and awnless 
in this generation was 1:2:1. 

Saunders (27) questioned the idea 
that the first generation between an 
awnless and an awned wheat always 
is awnless and maintained that the 
character of awns in the F, varies with 
the wheats used. 


Howard and Howard (22) obtained 
single-factor results in some crosses, 
but in others between fully awned and 
absolutely awnless parents, where the 
F, plants were nearly awnless, they 
were able to separate the F, progeny 
into five or six classes. When all 
the awned and awn-tipped classes were 
grouped as awned the ratio of awned 
to awnless was 15:1, indicating the 
presence of two factors. They con- 
cluded that for certain crosses two 
factors, B and T, must be present in a 
homozygous dominant condition in 
bearded wheats and that the com- 
pletely awnless plants should be repre- 
sented by the double recessive factors. 

These researches and later studies by 
others have proved that awnlessness at 
least is only partially dominant. 

In the present study, in which one 
parent was awned and the other awn- 
less and the F; had apical awnlets from 
3 to 20 mm. long, the F, plants were 
distributed into five classes, described 
as (1) awnless, (2) apically-awnletted, 
(3) awnletted, (4) short-awned, and 
(5) awned. Spikes representing these 
classes are shownin Plate 1, B. Class 1, 
awnless, normally is entirely without 
awnlets in the apical part of the spike, 
although a few awnlets 1 to 2 mm. long 
may occur at the apex under abnormal] 
conditions. Class 2, apically -awn- 
letted, has awnlets 2 to 20 mm. long 
at the apex of the spike but rarely ex- 
tending to the central and basal por- 
tions. Class 3, awnletted, has awnlets 
from 3 to 40 mm. long, the shorter 
occurring at the base of the spike and 
the length increasing toward the apex. 
Class 4, short-awned, has short awns 
throughout, varying from 15 to 50 
mm. long but only about half the 
length of the normal awns. In Class 
5, awned, the awns vary from 30 to 
80 mm. in length. These five divisions 
of the material appear, after a careful 
study, to be rather definite. The data 
obtained are summarized in Table V. 
Sixty-eight F; families were included 
in the study of these characters. 


The inheritance of the awn or its 
absence in the Kota-Hard Federation 
and reciprocal crosses is shown in 
Table V to be very similar. There is 
no important or consistent evidence of 
maternal influence. 

Attempting an interpretation of the 
F, results, it is simplest to group as 
awnless, the three classes (1) awnless, (2) 
apically-awnletted, and (3) awnletted; 
and as awned, the two classes (4) short- 
awned, and (5) awned. The total re- 
sults are then as follows: 


] 
Awnless,| Awned, 
classes classes 


1, 2,3 4,5 
| 
Obtained____- s 3, 362 | 1, 089 
Expected on 3:1 ratio.....__. 3, 338 | 1,113 
Deviation e 24 | 24 
Probable error ¢ aaa 19.5 


| 
} 


@ Probable errors for numters of individuals 
given here and elsewhere in this paper were ob- 
tained from tables of probable errors of Mendelian 
ratios, prepared in the Department of Plant Breed- 
ing, Cornell University, Ithaca, N. Y., from the 
formula 0.6744898 yn pq in which n is the total num- 
ber of individuals and p and q the numbers corre- 
sponding to the ratios concerned. 


The deviation of only 24+19.5 shows 
a very close fit. The presence of one 
principal genetic factor is thus indi- 
cated. It is obvious, however, that 
this is not a certain or complete expla- 
nation. 

The F. material, in general, con- 
tained many more awned or awnless 
plants than would be expected on a 
2-factor hypothesis. Thus the ne- 
cessity for growing and examining the 
I; progeny to obtain further in- 
formation was very apparent. 

A further study on the inheritance 
of the awn was made on F; material 
grown at Mandan, N. Dak., and 
Davis, Calif., in 1923. As many as 
434 selections, which were mostly 
rust-resistant red wheats, were grown 
at Mandan. Of these 291 were from 
F, material grown there and 143 were 
from the F:; material grown at St. 
Paul, Minn., in 1922. At Davis, 
there were grown 197 selections which 
were both red and white wheats from 
F, material grown there the previous 
vear, although they included a few 
white-kerneled, rust-resistant selections 
from St. Paul. The data obtained 
from F; material are summarized in 
Table VI 
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TaBLe V.—Segregation of 4,451 F, plants of Kota X Hard Federation and reciprocal 
, lg AY I . . , I 
crosses into five classes for awns or their absence, grown at Davis, Calif., St. Paul, 
Minn., and Mandan, N. Dak., in 1922 


Number and per cent of F2 plants in classes 


Number i ea 
Source and cross of F; om 
et Oe | Apical- a ik’. Total 
families Awnless | ly-awn- —— pom Awned | ofall 
letted : | classes 
DAVIS, CALIF, 
Kota X Hard Federation 
Numbers ll 66 144 75 38 26 349 
Percentages - 18.9 41.3 21.5 10.9 7.4 100 
Hard Federation X Kota: 
Numbers 19 78 287 154 113 16 | 678 
Percentages 11.5 42.3 22. 7 16.7 6.8 | 100 
Total: 
Numbers... 30 144 431 229 151 72 1, 027 
Percentages __ _ - 14.0 42.0 22. 3 14.7 7.0 100 
ST. PAUL, MINN 
KotaX Hard Federation | 
Numbers. ds 20 49 201 233 79 4 656 
Percentages 6 7.5 30.7 35. 5 12.0 14.3 100 
Hard Federation x Kota: | 
Numbers 40 66 455 221 130 O4 966 
Percentages... . 6.8 47.1 22.9 13.5 9.7 100 
Total: 
Numbers 60 15 | 656 454 209 188 1, 622 
Percentages... .. Fe 40.4 28. 0 12.9 11.6 100 
MANDAN, N. DAK. 
Kota X Hard Federation 
Numbers 12 64 391 386 149 156 1, 146 
Percentages. _ __ 5.6 34. 1 33. 7 13.0 13. 6 100 
Hard Federation X Kota: 
Numbers._. 15 59 295 138 71 93 656 
Percentages... __. 9.0 45.0 21.0 10.8 14. 2 100 
Total: ; 
Numbers. 27 123 686 524 220 249 1, 802 
Percentages - 6.8 38. 1 29.1 2.2 3.8 100 
Grand total: 
Numbers 68 382 1, 773 1, 207 580 509 4,451 
Percentages : 8.6 39.9 27.1 13.0 11.4 100 


99178—25}——2 
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TaBLeE VI.—Segregation of 16,144 Fs; plants of the Kota-Hard Federation and 
reciprocal crosses for awn classes at Mandan, N. Dak., and Davis, Calif., in 1923 





Segregation of F2 families and F; plants 





Mandan, N. Dak. 


F:2 classes and breeding 


behavior in the Fs | Fe families Classes of F3 plants 
ee Per . "| etal 
cent of ot 
| Num- | Per Fo 
| ber of | cent of 1 2 3 4 5 


plants | class 


Awnless, 1: 





























| 
| 
ee eee 1} 29 0.2 16 
eS eae 20} 57.1 3.9. 464 
aes 7} 20.0 1.4 154 
<r ae 7| 20, 14 162 
Class total.........-.-. | 35 | 100.0 796 
Apically-awnletted, 2 i a 
eee | 9 6. 2.3 193 
eres | 41] 273] 10.4) 929 
Sea | 2} 18.6 14 639 
WB iio s-ckasdckcnccene 2%} 17.3 6.6 | 557 
/ ) ee 4 | 2.7 1.0 | 95 
AS aa eiaiaiaatees 16) 10.7 4.1 | 367 
ES A IIE 19| 12.7 4.8 | | 439 
1 eee seis 7) 47 1.8 | 178 
Class total.......---..- | 150} 100.0] 38. 175 | , 18 562 | 266 105 | 3,397 
ae EEE Soe | 224 
81 31| 464 
211 150 | 1,669 
45 271! = 307 
5 ene | 147 
stineenelinn awauael | 
354 208 | 2,839 






































| | 43 

er ee 169 | 85 | 422 

179 |.......- 373 

40 i7 112 

ew 45 

437 72| 995 

sm 560| 560 

92 336 428 

24, 801| 1,255 

7 24 70 

Class total...........-- 96} 1000) 138|........ 13; 186 | 303 1,721| 2,318 

Grand total...........-  434—«500.0 100.1 | 663-3088 | 3,017 | 1,466 2,106 | 10,340 
| 
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TaBLeE VI.—Segregation of 16,144 Fs plants of the Kota-Hard Federation and 
reciprocal crosses for awn classes at Mandan, N. Dak., and Davis, Calif., in 1923— 
Continued 





Segregation of F2 families and F; plants—Continued 


Davis, Calif. 


| 





F: classes and breeding 




















behavior in the Fs F>2 families | Classes of F; plants 
Per ———______ —_ , 
cent of Tota 
| Num- | Per Foe 
ber of | cent of 1 | 2 3 4 5 
plants class 
Awnless, 1: 

| ee ae ee eee 15 29. 4 4.1 | SS ee See arenes 392 
[  . ee 12 23. 5 3.3 227 116 — 343 
a 21 41.2 5. 8 324 215 88 a 627 
ii) Sears 3 5.9 8 36 | 19 19 | ee 82 
Ciase total............- 51 | 100.0 14.0 979 | 350 107 8 1,444 
1 2.0 ne 31 iectalicea te iban sites ek cicada aa 31 
6 12.0 ee 139 | See ae 196 
4 8.0  . 51 48 __ gj eee 122 
2 4.0 mE < ue 32 19 7 12 70 
4 8.0 3.4 69 58 Spa en Cae Eley eee 127 
14 28. 0 11.8 126 | 275 | SE eee 488 
5 10.0 4.2 46 93 30 |. | Sean 188 
14 28. 0 11.8 58 190 100 54 44 446 
Class totel........... 50 100. 0 42.1 2 869 341 103 56 1, 668 


| 
| 
| 
Awnletted, 3: } 
| 
| 


Class total_... 





Short-awned, 4: 
4 








* Weighted in proportion to percentage of F: plants in each class of total for same station in 1922 given 
in Table V. 








The F,, which was apically-awn- 
letted, approached more closely t» the 
awnless than the awned parent. If 
the data can be interpreted on a 1-fac- 
tor basis it is necessary to look for the 
25 per cent of recessives among those 
having more awn development than 
F,. In Fy, classes 4 and 5 combined 
include 26 per cent at Mandan, 24.5 
per cent at St. Paul, and 21.7 per cent 
at Davis. The total number of plants, 
constituting 24.4 per cent, was shown 
to be not significantly different from 
the 3:1 ratio and suggests that the 
awned and short-awned classes rep- 
resent the recessive type. 

In F3, however, the awned or short- 
awned classes did not breed true within 
the limits of classes 4 and 5 combined, 
either at Mandan or at Davis. At 
both points only about 6.5 per cent of 
the whole F, bred true to these limits. 
Thus the simple hypothesis that classes 
4 and 5 are due to a single recessive 
factor is untenable. 

It may be assumed that those plants 
recessive with respect to the primary 
factor, if any, are distributed among 
classes 3, 4, and 5. As these classes 
make up 55.1 per cent of the F, popu- 
lation at Mandan and 44 per cent of 
that at Davis, it is necessary to assume 
that a large part of classes 3, 4, and 
perhaps even 5 (which does not wholly 
breed true within the limits of classes 
3 to 5) exceed the F, in amount of awn 
because of some other factor than the 
one being considered as primary. Only 
a part of these classes (3, 4. 5) breed 
true to their wide range. At Mandan, 
31.2 per cent of the F; was composed 
of such plants (classes 3, 4, and 5 pro- 
ducing only 3, 4, and 5) but only 15.1 
per cent at Davis. Evidently it is 
possible to find a recessive class in the 
Mandan group data, but the Davis 
group data indicate that some of these 
classes recessive in the most inportant 
factor must have been as low as class 
2. It is very clear that there is no one 
outstanding recessive factor responsi- 
ble for the awned condition. 

Looking at the other end of the F, 
series for the homozygous dominant 
class, it is shown in Tables V and VI 
that while 44.9 per cent at Mandan and 
56 per cent at Davis were of classes 1 
and 2, there were only 7.4 per cent at 
Mandan, and 11.6 per cent at Davis, 
of classes 1 and 2 of the F, population 
which produced only classes 1 and 2. 
Thus with reference to the most 
important factor homozygotes must 
be looked for in class 3 as well as 
in classes 1 and 2. Twenty-six per 
cent of the F, generation at Mandan 
and 35.9 per cent at Davis, were of 
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classes 1, 2, and 3 producing only 1, 2, 
and 3. These can include all homo- 
zygous dominants. Thus it is possible 
that there may be a dominant factor 
present in classes 1 to 3 and a recessive 
factor present in classes from 3 to 5 at 
Mandan and in classes 2 to 5 at Davis, 
with heterozygotes appearing in classes 
from 1 to 4 and perhaps even 5. 

To account for this wide range and 
necessary overlap of the classes con- 
taining the homozygous dominant or 
recessive for the most important 
factor, it is necessary to assume the 
existence of a second factor, or a group 
of factors, nearly if not fully as impor- 


_ tant as the first. 


On the hypothesis that there are two 
factors of equal importance, it will be 
necessary to find 6.25 per cent of 
the F, strains at each extreme breeding 
true. Only 3.3 per cent of the Mandan 
I, were of class 5 breeding true to 5, and 
5.4 per cent of the Davis F) were of that 
sort. It thus is necessary to suppose 
that some of the 2-factor recessives 
were in class 4. At the other extreme 
only 0.2 per cent of the Mandan F, were 
of class 1 breeding true to 1, and 4.1 per 
cent of the Davis F, were of that sort. 
Thus some 2-factor homozygous domi- 
nants must be looked for in class 2. 
There were 6.4 per cent of F2 classes 1 
and 2 which produced only 1 and 2 at 
Mandan, and 11.6 per cent in the 
Davis F,. At the other extreme there 
were 6.5 per cent of Mandan F; and 
6.6 per cent of Davis F» of classes 4 and 
5 producing only 4and 5. The 2-factor 
homozygous dominant and recessive 
(expectation 6.25 per cent) thus can be 
found in classes 1 to 2 and 4 to 5, re- 
spectively, but additional factors are 
necessary to account for the variation 
remaining. 

To have arbitrarily assumed the 
awnless to be the recessive class, as 
Howard and Howard (22) had done in 
their 2-factor hypothesis and then 
grouped the remaining classes as awned, 
6.25 per cent of the awnless plants 
should have bred true. As only 0.2 per 
cent of class 1 bred true for class 1 at 
Mandan, and 4.1 per cent at Davis, it is 
apparent that their findings could not 
apply to this cross. The writer, there- 
fore, assumes that, for the Kota-Hard 
Federation and reciprocal crosses here 
studied, two factors at least must be 
present in a dominant condition in awn- 
less strains, and that the awned plants 
should be represented at least by dou- 
ble recessive factors. This is a con- 
clusion opposite to that of Howard and 
Howard. 

The 2-factor hypothesis here ad- 
vanced does not entirely explain the 
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inheritance of awns in this cross. 
Complete homozygosity for awned or 
awnless strains apparently is due to 
multiple factors. 

EFFECT OF AWNS ON YIELD.—The 
physiological effect of the awn on yield 
is a point of considerable economic 
importance. Grantham (17) found that 
awned wheats outyielded awnless on 
the average of many varieties. Hayes 
(19) has summarized the important 
papers on this subject, and after a study 
of awnless, tip-awned, and bearded 
strains from Marquis-Preston crosses 
states: 

The awn of wheat is, therefore, an important 
organ, and the present tendency to breed only 
awnless wheat should not be adopted in entirety 
without further experimental studies. 

Most of the physiological studies 
have been with barley, the most recent 
being that of Harlan and Anthony (78) 
who found that the elimination of the 
awns resulted not only in lower yields, 
but in increased tendency toward shat- 
tering as well. Perlitius (26) worked 
with wheat as well as barlev. He 
made transpiration studies with both 


TaBie VII.— Mean yield and its proba 
Kota-Hard Federation crosses grown a 
in 1922 


Locality and class 


ST. PAUL, MINN 
Awnless.. 
Apically-awnletted 
Awnletted 
Short-awned 
Awned.. 


Total and average 


MANDAN, N. DAK 
Awnless . 
Apically-awnletted 
Awnletted 
Short-awned 
Awned 


Total and average 


winter and spring wheats, using (1) 
awned, (2) awns removed, and (3) awn- 
less lots. He concluded: 


The awns of the spike are important for trans- 
piration. This transpiration is nearly half that of 
the total transpiration of the head when awned 
heads of wheat and heads with awns renoved are 
compared. 


He also stated: 


The awn has an important influence on the 
volume and weight of the kernel [and] a marked 
effect on kernel quality which exhibited itself 
chiefly in an increase in starch content in awned 
sorts. 
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Schmid (28) had previously shown, 
after careful experiments, that awnless 
varieties have higher gluten content 
than awned. He also stated that— 


the physiological service of the awn supplies a not 
unimportant work for the normal building of the 
fruit. The amount of its importance stands in 
direct relation to the size of the awn 


In the present study the mean vields 
of F, plants of each awn class and their 
probable errors have been obtained 
from two sources. The data are given 
in Table VII. 

The F, data, especially those from 
Mandan, N. Dak., show that there is 
a direct relation between the awn 
length and the yield. The data from 
St. Paul are not as consistent as those 
from Mandan, although the difference 
between the extreme and the parent 
classes is greater. The difference be- 
tween the awnless and awned classes 
at St. Paul is 15 per cent, or 0.56 + 0.23 
grams. This difference is 2.43 times 
its probable error and represents odds 
of about 9:1. At Mandan the differ- 
ence between the same classes is 11 per 


ble error of five awn classes of F. plants of 


t St. Paul, Minn., and Mandan, N. Dat. 


Yield in 
grams, 
mean and 
probable 


Number 
of plants 


error 
45 3. 7040. 17 
171 3.674 .11 
200 4.154 .12 
68 3. 85+ .18 
78 4.264 .15 


63 3.914 .15 
389 411+ .08 
387 413+ .06 
148 4.16+ .09 
156 4.354 .10 


cent or 0.44+0.18 grams. This differ- 
ence is 2.44 times its probable error, 
also indicating odds of about 9:1. 
While these differences can not be 
definitely said to be significant, the 
awns apparently are of some impor- 
tance under droughty as well as humid 
conditions. 

In 1923 nine hundred F; plants 
grown at Mandan, N. Dak., were 
threshed and the yields of the five awn 
classes averaged. These data are given 


in Table VIII. 
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TasBLe VIII.—Mean yield and its probable error for five awn classes of F3 plants 
of Kota-Hard Federation crosses grown at Mandan, N. Dak., in 1928 





Class 


ci deiconnccana naked cnuanebhreabusiauneas 


yo ec aw nletted 
Is « dicta tesla iene diatnehicinninaddmaiainescipiiaatal 
Short-awned 
Awned 









| 





Yield in 

r | grams, 

a | mean and 

px | probable 

| error 

oe ices | 

snsenesacuaksebbaepocsbukaat 126 2. 79+0. Da 

403 3. 02+ . 
lll | 3.02+ o 
73 | 3. 06- . 08 
debemubaghiniceateasenbhiel 187 | 3.304 .06 
eee ie er ET xe 900 | 3.05 .03 





These further data show a similar 
definite relationship between the awn 
length and yield. The difference be- 
tween the extreme classes in this latter 
case is 18 per cent or 0.51+0.08 gram. 
As this difference is over six times its 
probable error it certainly may be 
considered significant. Many factors 
are associated with the complex char- 
acter designated yield, and it appears 
that the factors for the development of 
awns are among those involved. 


COLOR OF THE GLUMES 


Glume colors are variously classed as 
white, yellowish, brown or red. Two 


classes usually are used, namely, white 
andbrown. ‘Those classed as white may 
vary from nearly white to yellowish 
and those classed as brown may show 
various shades of brown to a brownish 
red. Biffen (4) found brow n glume 
color dominant to white in the single 
3 to 1 ratio. No other ratio is known 
to have been reported by other workers 
in crosses between common wheats. 

The present study includes F, data 
on the segregation for color of the 
glumes at the three points, Davis, 
Calif., St. Paul, Minn., and Mandan, 
N. Dak. The results obtained are 
given in Table IX. 


TaBLE IX.—Segregation of 4,442 F2 plants of the Kota-Hard Federation and 
reciprocal crosses into two classes for color of glumes, when grown at Davis, 
Calif., St. Paul, Minn., and Mandan, N. Dak., in 1922 





Number and percentage of F2 plants having—| 


Number _ 


Devia-  proba- 
ble 





























Source and cross tt) Brown gluines White glumes | fro tion m 3:1 
families _ Se Ne . Total | a error 
number | 
Number) Per cent Number Per cent | 
in 9 = | 
DAVIS, CALIF. H } 
KotaXHard Federation. -.....- 11 | 245 70.0 105 30.0 350 | 18 5. 46 
Hard Federation x Kota. - ...-- 19 | 490 72.1 | 190 27.9 | 680 | 20 7. 62 
ET 30 735; 71.4) 205) 286! 1,030; 38] 938 
ST. PAUL, MINN. | | | 
| | 
KotaXHard Federation. --..-. 20 376 | 57.7 276 42. 3 | 652 | 113 7. 46 
Hard Federation X Kota. -....- 40 665 | 69.3 204 30.7 959 | 54 9. 04 
{ | 
ides sictinnainecs 60, 1,041 | 646| 570) 354] 1,611) 167, 11.73 
MANDAN, N. DAK. | 
| 
KotaXHard Federation. .....- 12 789 68.9 356 | 31.1} 1,145 70 9. 88 
Hard Federation X Kota......- 15 502 76.5 154 | 23.5 | 656 10 7.48 
pe eee eee 27 1, 291 71.7 510 | 28.3] 1,801 60 12. 40 
ALL THREE STATIONS | 
KotaX Hard Federation... ...- 23 1, 410 65.7 737 34.3 2, 147 200 13. 54 
Hard Federation X Kota....... 45 1, 657 72.2 638 27.8 | 2,295 64 13. 99 
Grand total............-| 68 3,067| 69.0! 1,375 31.0] 4,442 264| 19.48 
| 
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With this character there is evidence 
of slight maternal influence on the 
reciprocal crosses as there is a consis- 
tant difference in the percentage at all 
three points. The percentages of 
white-glumed plants are the greater 
when Kota is used as the female parent 
and the percentages of brown-glumed 
plants are greater with Hard Federa- 
tion as the female parent. 

The totals of white-glumed plants 
in the reciprocal crosses at each of the 
three stations in the grand total show 
that there resulted a_ considerably 
larger number of plants having white 
glumes than would be expected on a 
3:1 basis in general, the ratio being 
nearer 2:1 than 3:1. A close fit to the 
expected 3:1 ratio was obtained for the 
Hard Federation X Kota cross at Davis 
and Mandan, where the deviations 
were 20+7.62 and 10+7.48, respec- 
tively. At St. Paul, the results from 
this cross also were much nearer a 
good fit than the reciprocal, although 
significantly different from the ex- 
pected ratio, which is true also for the 


TABLE X.—Segregation of 15,946 F3 plan 
rocal crosses into two classes tas color 
Dak., and Davis, Calif., in 1923 


total. It is important, however, that 
where Hard Federation, which has 
brown glumes and the dominant color, 
was used as the female parent, a close 
fit was obtained under two of the three 
different sets of conditions. 

It will be recalled that brown glumes 
in the F; were a somewhat lighter 
brown than that of Hard Federation. 
Considerable variation was apparent 
in the F; regarding glumes classed as 
brown or white. The glumes of Kota 
are yellowish rather than white, but 
there appeared to be some _ white- 
glumed plants in the F, progeny. The 
differences, however, were not con- 
trasting enough to permit any more 
definite grouping, even with the ma- 
terial from Davis, Calif., where grow- 
ing conditions were ideal and the colors 
almost perfectly developed. At Man- 
dan and more particularly at St. Paul, 
summer rains and damage by rust 
made separations on the two colors 
difficult. The study was continued in 
the F; at Mandan and Davis and the 
data obtained are given in Table X. 


ts of the Kota-Hard Federation and recip- 
of glumes, when grown at Mandan, N. 





Source, F2 classes, and segregation in the F3 


MANDAN, N. DAK. 


Glumes white: 


Total 


PDs an nia neuscanenentuagnesadtien ‘ 


DAVIS, CALIF. 
Glumes | white: 


Glumes brown: 


DOW Buwnnnctncncaccncsccusécccusaecccsecsacuces ol 


Brown and white 


F>2 families F; plants 












































Glumes 
Percent- Percent- ere 
Number age of ageof — 
class Fie Brown | White 
126 81.8 C3 Se es 2,918 
28 18. 2 5.2 280 360 
154 100. 0 28.3 280 3, 278 
72 25.8 18.5 he 
207 74.2 53,2 3, 300 1, 657 
279 100. 0 71.7 5, 004 1, 657 
433 200. 0 100. 0 5, 284 4, 935 
| 75 89.3 ; |) ee 2, 118 
9 10.7 3.1 156 57 
| 84} 100.0 226 156) 2,175 
“7 : 
45 | 39.8 28.4 x | eee 
68 | 60. 2 43.0 1, 488 558 
113} — 100.0 71.4 | 2,838 558 
197 200.0! 100.0 2, 994 2, 733 
1 ! 








e Weiies in proportion to percentage of F: plants in each class of total for same station in 1922, given 


in Table I 








The F, results show that some of the 
plants classed as white segregated for 
white and brown. The percentages of 
these were larger at Mandan than at 
Davis. Correcting the F, Davis re- 
sults on the basis of the F; plants 
grown at that station, the following 
results are obtained: 


Brown White 


Obtained (uncorrected) 735 295 
Corrected on basis of F 767 263 
Expected on 3:1 ratio 772 258 

Deviation 5 5 
Probable error 9. 38 


The deviation of 5+9.38 shows a 
very close fit. 

A similar correction of the Mandan 
F, results on the basis of the F; plants 
grown there gives the following: 


Brown White 


Obtained (uncorrected) 1, 291 510 
Corrected on basis of F3 1, 384 417 
Expected on 3:1 ratio 1,351 450 

Deviation 33 33 
Probable error 12.4 


This deviation of 3312.4 is not 
significantly different from the ex- 
pected ratio as it is less than three 
times the probable error. 

At St. Paul the F, plants were shown 
t» have a greater percentage of white 
glumed plants than occurred at either 
Davis or Mandan. The Kota-Hard 
Federation cross particularly segre- 
gated in that manner, due possibly to 
maternal influence, although the envi- 
ronmental conditions at St. Paul were 
less favorable than at the other points 
for developing and maintaining natural 
glume colors. It is quite probable, 
therefore, that there was a _ greater 
error in the classification of the St. 
Paul material, which, together with the 
possible maternal influence, may ac- 
count for the differences. 

Of the 28 F, white-glumed families at 
Mandan which segregated for white and 
brown glumes, 19 produced more white- 
glumed plants than brown. The aver- 
age for the 28 families was 13 white to 
10 brown. There were also 7 additional 
families included among the true- 
breeding white which produced 1 to 
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4 questionable Lrown-glumed plants. 
The occurrence of these questionable 
plants or of more white-glumed plants 
than brown can not be satisfactorily 
explained and may be due to natural 
crossing. At Davis the 9 families 
classed as white-glumed in F; and which 
broke up into brown-glumed and white- 
glumed in F; segregated in the expected 
3:1 ratio, the deviation being 4+ 4.26. 
There were no families which had more 
white-glumed plants than brown, al- 
though one family had an equal number 
of each. 

The number of F, families of the 
brown-glumed class at Mandan separ- 
ated into homozygous and heterozy- 


* gous families in the F; closer to a 1:3 


ratio than to the expected 1:2. At 
Davis, however, a close agreement to 
the 1:2 ratio was obtained, the devia- 
tion being 7 + 3.24, which is not sig- 
nificantly different from the expected. 

Of the heterozygous brown-glumed 
F, families at Mandan the F; plants 
segregated in a ratio very close to 1:2 
rather than 1:3. This is very similar 
to the F, results and is what would be 
expected to reoccur. At Davis, al- 
though the ratio is nearer the 1:3, the 
deviation is 46 -- 13.24, which also is 
significantly different. 

In spite of the several unexpected 
segregations and ratios obtained in both 
F, and F; there is no reliable evidence 
of more than a single genetic factor 
involved in the color of glumes in this 
cross. The frequent lack of a significant 
fit to the 3:1 ratio apparently is due 
to environment, but mav be due to 
natural crossing and possibly maternal 
influence. . 


COLOR OF THE KERNEL 


The inheritance of kernel color has 
been explained by one, two, and three 
Mendelian factors. Biffen (4) found 
that red was dominant to white in F; and 
segregated in a 3:1 ratio in F). Nilsson- 
Ehle (24) was the first to report crosses 
which in F, gave 15:1 and 63:1 ratios 
of red-kerneled and white-kerneled 
plants, proving the presence of two 
and three factors. Howard and Howard 
(22) of India, and Gaines (15) in Wash- 
ington have since obtained similar 
ratios. 

In the cross here reported red proved 
dominant as usual in F;, and the data 
on segregation in F, are given in Table 
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TaBLE XI.—Segregation of 4,432 F, plants of the Kota-Hard Federation and 
reciprocal crosses into two classes for color of kernels, when grown at Davis, Calif., 
St. Paul, Minn., and Mandan, N. Dak., in 1922 


Number and percentage of F2 plants | 





Num- Devia- | prop. 
. - _ ber of | tion 
Source and cross . able 
Fi =a Total from error 
plants Red kernels White kernels number 15:1 
DAVIS, CALIF. | 
| Per cent Per cent 
KotaX Hard Federation... _._. ll 325 92.9 25 7.1 350 3 3. 05 
Hard Federation X Kota 19 643 94. 6 37 5.4 680 5 4. 26 
Total 30 968 94.0 62 6.0 1, 030 2 5. 24 
ST. PAUL, MINN. 
Kota X Hard Federation 20 615 94.3 37 5.7 652 1 4.17 
Hard Federation X Kota_.__- 40 922 96. 1 37 | 3.9 | 959 23 5. 06 
Total ‘a 60 1, 537 95. 4 74 4.6 1,611 27 6. 52 
MANDAN, N. DAK. 
KotaX Hard Federation 12 1, O85 94.9 58 | 5.1 1, 143 13 5. 53 
Hard Federation X Kota 15 626 96. 6 22 3.4 645 19 4.16 
Total 27 1,711 95. 5 80 45) 1,791 32 6. 88 
ALL THREE STATIONS 
KotaX Hard Federation 23 2, 025 94.4 120 | 5.6 14 7.59 
Hard Federation X Kota 45 2, 191 95.8 96 4.2 7 7.79 
Grand total 68 4, 216 95.1 216 4.9 4,432 61 10. 86 


The data in Table XI show a fairly 
good agreement to a 2-factor or 15:1 
ratio. For this ratio 93.75 per cent 
should be red-kerneled and 6.25 per 
cent white. The grand total shows 
95.1 per cent red and 4.9 per cent white 
or a deviation from the 15:1 ratio of 
59+ 10.86, and, therefore, is not a 
close fit. A more detailed study of the 
data shows that in some cases there 
were no significant differences. 

There again is evidence of slight 
maternal influence on this character in 
the reciprocal crosses, as there is a 
consistant difference in the percentages 
at all three points. The numbers and 
percentages for the Kota Hard Fed- 
eration cross show a close fit to the two- 
factor hypothesis at each of the three 
localities and in the total for all. The 
reciprocal cross, however, in which 
Hard Federation is the female parent 
and which has the white or recessive 
type of kernel, shows a close fit at only 
one of the three localities, Davis, Calif., 
and not in the total for all. 

A more certain separation of the 
kernels into the red and white classes 


was possible with the Davis, Calif., ma- 
terial than with that from St. Paul, 
Minn., and Mandan, N. Dak. Envi- 
ronmental conditions could account for 
the close fit which was obtained from 
the total material grown at Davis and 
for the significantly different results 
for the total material at St. Paul and 
Mandan. 

It would appear therefore that two 
Mendelian factors are involved in 
kernel color in this cross, and that the 
lack of a significantly close fit to the 
15:1 ratio in the reciprocal or Hard 
Federation X Kota cross and in the 
grand total is due to environmental 
conditions and possible slight maternal 
influence. When Kota, which has the 
dominant red kernels, was used as the 
female parent, a significantly close fit 
was obtained under all three different 
conditions. 

In order further to determine the 
factors involved, F; material of the 
1923 crop from Davis, Calif., was 
studied. The data obtained are given 
in Table XII. 
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TaBLE XII.—Segregation of 5,737 Fs; plants of the Kota-Hard Federation and 
reciprocal cross into two classes for color of kernel, when grown at Davis, Calif., 


in 1923 





F2 families 


F» classes and segregation in 
the F3 


Davis, Calif. 


F; plants 














Kernels Devia- 
| tion 
r Per- Per- ; : Prob- 
— | centage | centage | —= able 
| , of class of Fe hi feat error 
| | . Red White indi- ° 
| cated 
Kernels white: 
|e anes ae eee” 80 100. 0 | _o | cnet | AD L niccdcnvatesadecan 
LS eee A 80 100. 0 | 6.0 Le See eae 
Kernels red: a ai | me 
er eee ey ee | 55 47.0 | 44.2 1, 501 | See Sean Henne eer 
Red and white— | | 
3:1 ratio... Raa 2a 37 31.6 29. 7 821 | 254 
2 25 21.4 20. 1 623 | 43 
Raia s iucasacons 117 100. 0 94.0 2, 945 | 297 |. 
Grand total..........- 197 200. 0 100. 0 2, 945 | SCTE lichuktheadloausudases 





The data show that the white- 
kerneled strains bred true to that 
color. The red-kerneled strains bred 
true or segregated into red and white in 
either the 3:1 or 15:1 ratios. From 
the 37 F, families which segregated 
according to the 3:1 ratio there were 
821 red-kerneled plants to 254 white in 
F;, a deviation from the expected of 
15+9.59. Of the 666 F; plants which 
segregated according to the 15:1 ratio 
the deviation from expected was 
1+4.02, which indicates an unusually 
close fit. 

Of the F, red-kerneled strains, seven- 
fifteenths, or 46.7 per cent, should have 
bred true and four-fifteenths, or 26.7 
per cent, should have segregated in 
both the 3:1 and the 15:1 ratios. As 
shown in Table XII, the percentages 
obtained were very close to the expected. 


DATE OF HEADING 


Earliness often is an important eco- 
nomic factor in successful spring-wheat 
production in the dry sections of the 
United States. The date of heading is 
thought by the writer to be the best 
note to use in a study of earliness under 
drought and rust conditions. It is 


more reliable and shows a greater 
range of variation than the date of 
ripening where adverse environmental 
conditions affect the wheat crop near 
maturity. 

Farrer (11) found earliness in wheat 
hybrids to be intermediate between the 


parents and that there was no differ- 
ence in the reciprocal of a cross. 
Biffen (4) in an interspecific cross 
between Polish, an early wheat, and 
Rivet, a late wheat, concluded that 
earliness was dominant. Freeman 
(14), in a cross between durum and 
common wheat, found in F, and F; 
that the average date of heading, while 
intermediate, was nearer that of the 
late parent, indicating that lateness is 
at least partially dominant. Thomp- 
son (34) made numerous crosses. be- 
tween eight varieties of wheat ranging 
from. very early to late. In the F, 
nearly all crosses ripened near the 
mean of the later parent. In the F, 
the great majority of plants were inter- 
mediate between the parents, indicat- 
ing blending. The apparent domi- 
nance of lateness in I’; could be explained 
only as due to heterosis or hybrid vigor. 
The further results of individual crosses 
were explained on the “‘multiple deter- 
miner hypothesis of blending.”” Bryan 
and Pressley (5), in a cross between 
Sonora and Turkey, found the F, 
intermediate in time of heading be- 
tween the parents and the F, majority 
inclined toward the late parent. 
Florell (13) in a Sunset-Marquis cross 
concluded earliness to be dominant 
from F, “in the proportion of 3.11 to 
0.89, indicating one allelomorphic pair 
of factors, with possibly a number of 
minor modifying factors.”’ 
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TaBLe XIII.—Segregation of 2,487 F, plants of the Kota-Hard Federation or 
reciprocal crosses, in comparison with parents, into two-day classes for date of 


heading, when grown at Davis, Calif., St. Paul, Minn., and Mandan, N. Dak., 
in 1922 





Number and percentage of plants on date of heading 


Source and class by F: plants | Hard Federation Kota 
dates of heading” ~ 
Kota X | Hard se ae . 
Hard | Fed.x| Total |? mite nt- | Number | } ercent- Number ercent- 
Fed. | Kota ww age age 


DAVIS, CALIF. 











MANDAN, N. DAK. 
per ce leaseuead ee ee ee ee ee 
28. 19, 2 3 9 SES FS eee 
Se are wichead eneaianians 23. 7 28 he ae 
ME” WiSanscbecaced 14. 4 19 | SSR DS re 
ae 18. 4 8 11.8 1 1.2 
|, SOT 14.4 9 13.2 32 39. 0 
ESE 6.1 1 1.5 28 34. 1 
See | ee eee 17 20.7 
Sees , | nel meee 3 3.7 
| eee 5 S 1 1.2 
Od ce andes 100. 1 68 100. 0 82 99. 9 








TABLE XIV.—Average date of heading of F: hybrids and of the parents, Kota and 
Hard Federation, grown at Davis, Calif., St. Paul, Minn., and Mandan, N. Dak.. 
in 1922 





F2 hybrid Kota Hard Federation 


Station 


Number Date Number Date Number | Date 


of plants | of plants of plants | 
$$$ — ~ - _ _ _ | — —'- eS | 
BN” EES ee ORC ae ae oe 828 | Apr. 30 39 | May 9 40 | Apr. 24 
St. Paul, Minn.......... 541 | June 20 35 | June 22 31 | June 19 
Mandan, N. Dak 1,068 | July 2 82 | July 10 68 | July 2 
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Fic. 1.—Frequency distribution, by dates of heading, of F2 hybrids 
and of the Kota and Hard Federation parents at Davis, Calif., St. 


SUNE 
DATE OF HEALING 


4 M. DAK. 


? 


SUNE 


Paul, Minn., and Mandan, N. Dak., in 1922 


---- Teo FEDERATION. 








46 8 1012 la 16 


SULY 
QATE OF HEADING 


Vol. XXIX, No.1 





In the present study 
comparisons of F, with 
parents are not available, 
but F, data compared witin 
those from parent piants 
are available from three 
sources. Only at Davis, 
Calif., were reciprocal 
crosses studied for this 
character. The frequency 
distribution obtained — is 
given in Table XIII and 
shown graphically in Fig- 
ure 1. In the background 
of Plate 2 are shown the 
labeled plants growing at 
Davis, Calif. The dates of 
heading were obtained by 
tagging the plants indi- 
vidually on the day the 
first head emerged from the 
sheath. Theaverage dates 
of heading for the F, 
hybrids and for the parents 
are given in Table XIV. 

At Davis, Calif., the crop 
was fall sown and during 
the ideal spring conditions 
the dates of heading of the 
parents extended over a 
period of 26 days. The F; 
hybrids headed there dur- 
ing 18 of these days, as 
shown in Table XIII and in 
the upper portion of Fig- 
ure 1. Earliness in the F. 
progeny appears partially 
dominant as the mode is 
nearer that of the early 
parent than of the late one. 
The reciprocal crosses at 
Davis show slight maternal 
influence. The mean dates 
together with their proba- 
ble errors are as follows: 
Kota X Hard 

Federation, 

April __... 29. 65+. 10 
Hard Federa- 

tion X Kota, 

April__.... 29. 13+. 07 
Difference - . 62+. 12 

This difference of 0.52 + 
0.12 days,while small, is sig- 
nificant as it is 4.3 times its 
probable error, with odds of 
267: 1 against the occur- 
rence of such a difference 
being due to chance alone. 
With earliness dominant 
and present in the female 
parent, the slight maternal 
influence is exerted in the 
same manner as in the case 
of color of glumes and color 
of kernel. 
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Measuring the height of plant of F, hybrids of the Kota-Hard Federation cross at Davis, Calif., in 1922 
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Further evidence that earliness is 
the dominant condition in this cross 
is shown by the results from St. 
Paul and Mandan in Table XIII 


SIANDAN, ™. 


& 38 





7A 


$ &8 
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M7 202326292 5 Bl 4 


FEDERATION. 


lent data were obtained, which show 
the F, progeny to be much more vari- 
able than either of the parents and the 
mode and the mean to be the same as 
that of the early Hard Federation 
parent. The bimodal curve for 
the F, progeny and Hard Federa- 
tion at Mandan was due princi- 
pally to arain which occurred on 
the 2d of July. It does not seem 
desirable to attempt a factor 
interpretation. 

In 1923 at Mandan, N. Dak., 
721 F; plants selected from 
among the 433 F, families grown 
there, were labeled for date of 
heading. At least one plant 
was labeled in each family and 
for the awnless, apically-awn- 
letted and awned strains several 
plants were labeled in the most 
promising strains. The plant 
labeled usually was the earliest 
to head. Very few strains ap- 
peared as uniform in date of 
heading as the parents. The 
data thus obtained in F; in com- 
parison with the parents are 
shown in Table XV and graphi- 
cally in Figure 2. 

The average date of heading 
for the Fy; selections was June 
25, that of Hard Federation June 
24, and that of Kota July 2. 





SUNE SULY 


DATE OF HEADING 


Fia. 2.—Frequency distribution, by dates of heading, of Fs 
selections and of the Kota and Hard Federation parents at 


Mandan, N. Dak., in 1923 


As earliness was one of the 
principal characters for which 
selections were made it is ap- 
parent that the desired earli- 
ness is being obtained. 


Taste XV.—Date of heading of 721 F3 plants of the Kota-Hard Federation cross, 
in comparison with the parents, grown at Mandan, N. Dak., in 1923 





F; hybrid 


Frequency classes 
| Number 


|, aed ee siedipatanalacee 58 
ee ee an hang 265 
eee : pe es 324 
20... : a ae 41 

ff ee eee 25 
Rie eaonitenencuwee ae 6 
Dichecaciksncucconecnceweeeewceeeoes 2 

721 





Hard Federation Kota 


| Percent- | y, | Percent: 4; | Percent 
age | Number | age Number age 











and the central and lower portioius, re- 
spectively, of Figure 1. At these points 
the material was spring sown and the 
heading period was shorter. At St. 
Paul heading started suddenly and the 
data obtained do not show normal 
variability. However, earliness ap- 
pears dominant. At Mandan excel- 


HEIGHT OF PLANT 


Another growth character, height of 
plant, is an important economic factor 
in wneat production, because it may 
determine the method or ease of har- 
vesting. It is inherited in the same 


manner as other characters. 
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Fic. 3.—Frequency distribution, by height of plant, of F2 hybrids and of 
the Kota and Hard Federation parents at Davis, Calif., St. Paul, Minn., 
and Mandan, N. Dak., in 1922 
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Freeman (14), in a durum-common 
wheat cross, found the F, hybrids taller 
than the tallest parent and a wide 
segregation for height in the F,. There 
was greater variability in the shorter 
progenies, indicating a complex char- 
acter. 

In the present study, the height of 
the individual F, plants was measured 
at harvest time at the three stations 
where the material was grown. Plate 


TaBLe XVI.—Segregation of 2,532 F, 
reciprocal crosses, in comparison with 
plant, when grown at Davis, Calif., St 
1922 


Number and 


2 shows the writer taking height notes 
at Davis, Calif. Height was measured 
from the base of the culms to the tip of 
the spike, not including the awns 
of awned strains. The frequency dis- 
tribution by height classes, comparing 
F, plants with the parents, is shown 
in Table XVI and graphically in 
Figure 3. Only at Davis, Calif., were 
reciprocal crosses studied for this char- 
acter. 


plants of the Kota-Hard Federation or 
parents, into 3-inch classes for height of 
. Paul, Minn., and Mandan, N. Datk., in 


percentage of plants on height of plant 





F> hybrids Hard Federation | Kota 
Source and height | 
classes (inches) ie ee ee 
Kota x Hard | | | , 
Hard Federa- 1. Percent- | . | Percent- | 17 | Percent- 
Bedera- | tion X Total | age Number age Number | age 
tion | Kota | | 
| | | 
es ‘ 
DAVIS, CALIF | | 
30 eae 1 1 0.1 _—— 
33 ak 2 2 2 1 2.6 
36 1 3 4 4 1 2.6 
39 4 3 7 8) 1 2.6 
42 4 7 ll L2 4 10.2 
45 | 14 22 36 4.0 17 43. 6 
18 49 70 119 13.3 13 33. 3 | 3 7.5 
dl me | 85 145 230 25. 6 | 2 5.1 17 | 42.5 
54 100 197 297 33.1 | ‘ ‘ 16 40. 0 
57 | 54 99 153 17.0 | | 4 10.0 
60 12 24 36 4.0 
63 1 l 2 0.2 | 
Total : 324 574 898 99.9 | 39 100. 0 40 100. 0 
ST. PAUL, MINN, 
24 1 2 1 3. 1 
27 5 9 | 1 3.1 
30 8 1.4 | 1 34.4 | 
33 22 3.9 7 21.9 1 | 2.8 
36 101 17.8 | 7 21.9 a! - 
Eee 211 37.3 5 15.6 4 | 1h. 1 
42 163 28.8 | 14 | 38.8 
45. 46 8.1} 15 | 41.7 
48 7 1,2 ie 2.8 
jl 2 4 1 | 2.8 
Total 566 100. 0 | 32 100. 0 36 | 100. 0 
MANDAN, N. DAK. | | 
15 1 1.5 | : 
18 l st 2 2.9 | 
21 3 3 3 4.4 | 
24 5 5 14 20. 6 | 
27 24 22 27 39.7 | 2 | 2.4 
30 145 13. 6 19 28. 0 | 2] 2.4 
33 416 38.9 2 2.9 | 7 | 8.5 
36 351 32.8 | 44 53.7 
39 101 9.5 | 26 | 31.7 
42 21 2.0 1} 1,2 
45 l wt il 
Total 1, 068 100. 0 68 100. 0 82 | 99.9 
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TaBLe XVII.—Mean height, standard deviation, and coefficient of variation fcr 








1 height of plant of F, hybrids and for the Kota and Hard Federation varieties, 
f grown at Davis, Calif., St. Paul, Minn., and Mandan, N. Dak., in 1922 
. as es as, ‘ 
a Stati = Mean height! Standard Coefficient of 
g Station and material (inches) deviation variation 
n —————_—__—— —_—_— —_—— 
n DAVIS, CALIF. 
‘a F2 hybrid... eee sts 52. 430.09 | 3.806-+0.061 7. 250-40. 116 
a | ee arate : 52. 58+ .25 | 2.323% .175 | 4418+ .333 
Hard Federation - __. 45. 31a: .38 | 3.5174 .269 | 7.7624 . 593 
ST. PAUL, MINN. 
v F2 hybrid... ___- : 39.484 .10 | 3.553+ .071 8. 999+ . 120 
f Sea ie 43. 08+ 134 | 3.0134 .240 8.9044 . 556 
n Hard Federation pes 32.724 .48 | 4.0644 .343 12. 421+1. 047 
MANDAN, N. DAK. 
= F2 hybrid _..| 34. 11 .05 | 3.1444 .065 9.2174 . 190 
Kota. __.. ae Sa 36.40+ .19 | 2.5004 1137 7.1404 . 376 
Hard Federation... ..___- 26.69 .28 | 3.3794 .195 12.6604 . 732 


The frequency distribution shown ured from each family and in the most 
in Table XVII at Davis, Calif., indi- promisingrows several plants were meas- 
- cates no maternal influence on height ured. These were the same as those 





The difference of 0.24 + 0.19 
of an inch is not only small but 
0 not significant as it is only 1.26 
times its probable error, indi- 
cating odds of about 1.5 : 1. 

Evidence that tall plants are 
dominant is shown by all F, 
2.8 data. At the three points the 
hybrids tend to the tallness of 


of plant in the reciprocal crosses. he labeled for date of heading, the object 
mean heights and their differ- go 
ence, together with their proba- 
ble errors, are as follows: bay 
Kota X Hard Fed- 7O MANAAN, %, Ac. 
eration________ 52. 28+0. 15 ? Los 
Hard Federation rs 
BOG. 3.5 ...-52, 52+ .12 « —AOTF9 
. a 60 
Difference-. .24+ .19 
SS 
340 






2 the Kota parent. The variabil- 
1.7 ity of the hybrids in compari- 
2.8 son with the parents is of in- 
2.8 


terest. Table XVII shows the 
0.0 I’, progeny to exceed Kota in 
variability at all three points 
but to be exceeded in variability 
by the short Hard Federation 
parent. The disparity of num- 
bers for the parent reduces the 


PERCENTAGE OF PLANTS 
Ny ‘ 
Q Q 


ae 





% 9 


2 : significance of differences in va- 

Ge [inhlity, che helght is shown {48 2/ 4-27.30 33 36 39 42 

WD. @ ts os) ad 

+ creasing unfavorable conditions, HIEIVGHIT OF PLANT (INCHES) 

noe such as rust and drought. Fic. 4.—Frequency distribution, by height of plant, of Fs 

-- == Under conditions of both rust selections and of the Kota and Hard Federation parents at 
) : an, N. Dak., in 192: 

9.9 and drought, F, material was ™@"dan, N. Dak., in 1928 


_ studied further in 1923 at Mandan, N. being to obtain both carlyand tall plants. 
Dak. In all, 726 hybrid plants were The data obtained at Mandan in F; are 
measured for height, among 433 F,fami- given in Table XVIII and graphically 
liesgrown. Atleastone plant wasmeas-_ in Figure 4. 
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TasLe XVIII.—Height of 726 F; plants of the Kota-Hard Federation cross, in 
comparison with the parents, when grown at Mandan, N. Dak., in 1923 





F3 hybrid 


Frequency distribution by height classes 
(inches) 





Number 








Hard Federation Kota 

Percent- 4, | Percent- | ,, .» Percent- 

age Number | age Number age 
S00. gs SR iia cee 
ae) 0llCM  RRE Keven kedcccwaloanwanaees 
oo) Bi i 8 lascssasasslecacancabe 
23. 4 4 5.3 
10. 2 32 42.7 
2.8 38 50.7 
3 1 13 
100. 1 75 100.0 








A severe June drought occurred at 
Mandan, causing a shortening of both 
hybrids and parents. Rains early in 
July enabled late varieties or late- 
sown wheat to reach a more nor- 
mal height. This droughty condition 
affected the F results. It will be noted 
that the majority of F; hybrids tend 
to the shortness of the Hard Federa- 
tion parent, which is the reverse of the 
F, results. It is concluded that tall- 
ness may be partially dominant but 
due principally to heterosis and easily 
influenced by different environmental 
conditions. As most of the selections 
were as early as Hard Federation, the 


desired increase in height is being 
obtained in some cases even under 
conditions of severe drought. The 


average height of the F; selections was 
25 inches, that of Hard Federation 20 
inches, and that of Kota 31 inches. 
The hybrids were more than twice as 
variable as the parents, the coefficient 
of variability for the hybrids and parents 
being as follows: 


eo 13. 365+0. 237 
Hard Federation_...-. 6. 823+ . 334 
Ce eae ieee Bie eee 5. 624+ . 310 
STEM-RUST INFECTION 
Resistance to stem rust, Puccinia 


graminis tritici, is the most economi- 
cally important physiological character 
studied in this cross, as severe losses 
from stem-rust infection are common 
in the northern spring-wheat section. 

Several investigators, both plant 
breeders and plant pathologists, are 
studying resistance to this disease. 
Hayes and Stakman (2/) have reviewed 
the investigations of these workers. 
Stakman and Levine (33) have shown 
that there are 37 physiologic forms of 
stem rust of wheat which are identified 
by their parasitic action on 12 differ- 
ential hosts. This is thought to account 


for much of the disagreement in field 
results. Aamodt (2), in a study of 
Kanred XX Marquis, found Kanred 
immune to several of these specialized 
forms and susceptible to others. In 
greenhouse studies with the immune 
strains, immunity was found to be 
dominant. There were no interme- 
diates. The experiment indicated that 
the reaction to the several forms was 
inherited as a unit. Hayes and 
Aamodt (20) have shown under field 
conditions that in the Marquis-Kota 
cross the resistance of Kota was reces- 
sive. No definite genetic ratio was 
determined, resistant F families occur- 
ring in the proportion of about 1 to 
7.73. The resistant strains were as 
resistant as Kota. 

In the Kota-Hard Federation cross, 
the present study in the field also 
shows susceptibility to be dominant 
and resistance recessive. At St. Paul 
the plants were inoculated with nine 
different specialized forms of stem rust 
common to the northern spring-wheat 
region. At Mandan, N. Dak., natural 
infection occurred and it is not known 
how many forms of rust were present 
there. No rust occurred at Davis, 
Calif. Abundant infections were ob- 
tained at both St. Paul and Mandan, 
but the injury was not great at either 
place. Infection at Mandan was a 
little more abundant than at St. Paul. 
Rust notes were taken on individual 
plants at both points. The data are 
given in Table XIX and graphically 
shownin Figure 5. Extreme degrees of 
infection obtained on F, plants grown at 
Mandan are shown in Plate 3. The 
infection on the resistant plant was 
recorded as 2 per cent and that on the 
susceptible plant as 95 per cent. De- 
grees of infection intermediate between 
these two extremes were obtained on 
the hybrid material at both points. 
























































Inheritance in Kota—Hard Federation Crosses Plate 3 


Extreme degrees of stem-rust infection of F; hybrids of the Kota-Hard Federation cross at 
Mandan, N. Dak., in 1922; (A) 2 per cent of infection and (B) 95 pcr cent of infection 
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Fic. 5.—Frequency distribution, by percentage of stem-rust infection, of F2 hy- 
brids and of the Kota and Hard Federation parents at St. Paul, Minn., and 
Mandan, N. Dak , in 1922 
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ants of the Kota-Hard Federation cross, in 


comparison with parents, into 10 per cent infection classes for stem-rust infection, 


when grown at St. Paul, Minn., and \ 


fandan, N. Dak., in 1922 


Number and percentage of plants on stem-rust infection 
Source and rust infection classes (per cent) F: hybrids Hard Federation Kota 
Number Pereent-| Number Percent: Number | Pereent- 
age age age 
| 
ST. PAUL, MINN. 
) 1.6 36 100. 0 
15 40 7.1 
25 85 15. 1 
35 92 16.3 
$5 150 26. 6 
55 43 7.6 
65 96 17.0 8 25. 8 
75 31 5.5 13 42.0 
85 16 2.8 6 19.4 
i) 2 aa 4 12.9 
Total 564 100. 0 31 100. 1 36 100. 0 
MANDAN, N. DAK 
: 7 6 31 37.8 
5 s 109 9.4 46 56.1 
25 115 9.9 5 6.1 
35 173 14.9 4 5.9 
45 274 23. 7 9 13. 2 
55 160 13.8 13 19. 1 
65 235 20. 3 25 36. 8 
75 63 5.4 12 17.6 
85 20 1.7 5 7.5 
95 2 72 
Total 1, 158 99.9 68 100. 1 82 100. 0 


TaBLE XX. 


crosses into resistant and susceptible « 


at St. Paul, Minn., and Mandan, N. 
| ! : 
Nu 
| Number oes 
Source and cross of Fy atta 
families 


| 
Number, 


Segregation of 6,052 F, plants of Kota-Hard Federation and reciprocal 


‘lasses for stem-rust infection, when grown 


ST. PAUL, MINN. 


KotaX Hard Federation 30 864 
Hard Federation x Kota | 40 963 
| o— 


Total _ 70 1, 827 


MANDAN, N. DAK. } | 


KotaX Hard Federation | 28 | 1,946 
Hard Federation X Kota | 38 1, 876 
3, 822 


Total__. . | 66 
Grand total 75 5, 649 


The rust notes taken on individual 
F, plants shown in Table XIX were on 
the same plants labeled for date of 
heading and measured for height. 
These were of the Kota X Hard Federa- 


Dak., in 1922 
mber and percentage of F2 plants 
Devia- > 
tible Resistant | tion — 
| Total biay error 
P , number 

er- ' ‘ er- 

centage Number centage | 
92. 0 75 8.0 | 939 16 5. 00 
93.3 69 6.7 1, 0382 4 5. 2 
92. 7 144 7.3 | 1,971 21 7. 24 
93. 2 143 6.8 2, 089 12 7. 48 
94.2 116 5.8 1, 992 9 7. 28 
93. 7 259 6.3 4, 081 4 10. 46 
93. 3 103 6.7 6, 052 25 12, 70 
tion cross. Kota showed resistance, 


with an average of only 3.5 per cent 
infection at St. Paul and 12 per cent at 
Mandan. Hard Federation was sus- 
ceptible, with an average infection of 
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77 per cent at St. Paul and 68 per cent 
at Mandan. The F, hybrids showed 
from 5 to 95 per cent of infection at 
both points, averaging 45 per cent at 
St. Paul and 46 per cent at Mandan. 
There was no distinct separation be- 
tween resistant and susceptible strains. 

Additional material was studied for 
resistance, upon which individual rust 
notes were recorded only on _ plants 
about as resistant as the Kota parent or 
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Fic. 6.—Frequency distribution, by percentage of stem-rust 
infection, of Fs; selections and of the Kota and Hard Fed- 


eration parents at Mandan, N. Dak., in 1923 
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having an estimated infection of 15 per 
cent or less. This was thought to be 
about the maximum amount of infec- 
tion which could occur without dam- 
age. By taking this estimated infec- 
tion of 15 per cent or less as resistant 
and grouping the remainder as suscep- 
tible at both St. Paul and Mandan, F, 
results were found to agree very closely 
to a 2-factor hypothesis. The data 
obtained are shown in Table XX. 
Table XX shows that, on 
the arbitrary division made, 
there is slight evidence of ma- 
ternal influence. Where the 
susceptible Hard Federation 
was used as the female parent, 
a close fit to the 15:1 ratio was 
obtained in both cases. Where 
the resistant Kota was used as 
the female parent a greater 
proportion of resistant plants 
was obtained and at St. Paul 
the deviation from the ex- 
pected ratio was greater than 
three times the probable error. 
The grand average for both 
crosses at both stations, how- 
ever, shows that a very close 
fit was obtained in F, for the 
assumption that two Men- 
delian factors are involved 
for stem-rust resistance in this 


cross. 
At Mandan, N. Dak., in 
plants, 


1923, the 724 F; 

which were labeled for date 
of heading and measured for 
height, were examined indi- 
vidually and the infection of 
stem rust estimated. The data 
obtained are given in Table 
XXI and shown graphically 
in Figure 6. 


TaBLE KXI.—Stem-rust infection on 724 F3 plants of the Kota-Hard Federation 
and reciprocal crosses, and comparison with the parents, grown at Mandan, 


N. Dak., un 1923 








F3 hybrid Hard Federation Kota 
Frequency classes in percentage of stem- ; 
rust | 
. Percent- | \; Percent-  y; | Percent- 
Number age Number age Number age 

68 9.4 
326 45.0 
175 24.2 
71 9.8 
33 4.6 
27 3.7 
16 2.2 
5 0.7 
3 0.4 
724 100.0 
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The average infection of these F, 
hybrids was 23 per cent, compared with 
7 per cent for Kota and 84 per cent for 
Hard Federation. The average infec- 
tion of Marquis grown in check rows 
in the same experiment was 49 per cent. 
Considerable resistance has been ob- 
tained in the selected plants, although 
the average percentage is not as great 
as that of the Kota parent. However, 
it is much greater than that of Mar- 

uis. 
Unfortunately the resistant plants 
which were separated so that they 
appeared to segregate in F, in a 1:15 
ratio were not found to breed true for 
resistance in the F;. A large number 
of the so-called resistant F, plants were 


segregation in the F; according to 
these groups and classes are given in 
Table XXII. 

The data for the resistant groups 
show that there was a much larger 
proportion of resistant plants at Man- 
dan than at St. Paul. This can be 
attributed to the earlier and more 
severe rust epidemic which occurred 
at St. Paul. At Fargo, N. Dak., 
where a few of the resistant F, selec- 
tions were grown and where rust was 
much more severe than at St. Paul, 
there did not appear to be any F; 
plants which could be classed as re- 
sistant or as having the resistance of 
Kota. No definite data were taken on 
the material at Fargo. At Mandan, 


TABLE XXII.—Segregation of 10,042 Fs; plants of the Kota-Hard Federation and 
reciprocal crosses grown at St. Paul, Minn., and Mandan, N. Dak., in 1928, 
arranged on the basis of infection of the F2 resistant and susceptible groups in 1922 





Source, group, and infection class in F2 (per cent) 


Resistant: ST. PAUL, MINN. 
) 2 


(13-15) 14 
Total 


Resistant: 
(1-3) 2 


(31-40) 35 
(41-50) 45 


| Number | 


| a2 
families 


Number of Fs; plants 
Per cent 


| resistant 


Suscep- 
| tible 


Resistant Total 











158 
773 
528 
1, 987 
1, 449 





4, 895 





449 


me 
‘ 


896 











10, 042 


2 F; data at St. Paul were obtained by Olaf S. Aamodt. 


grown at both St. Paul and Mandan in 
F;, and not one could be said to be 
homozygous for resistance. All of the 
F,; material grown at St. Paul and 
Mandan was examined for resistant 
plants, and the percentage of these 
to the total by F, frequency classes 
has been determined. Only resistant 
strains were grown at St. Paul, while at 
Mandan both resistant and susceptible 
strains were grown. The resistant 
group of F, plants noted for stem-rust 
infection has been classified into 3 per 
cent classes and the susceptible group 
into 10 per cent classes. The data on 


where only fairly severe infection 
occurred, definite data were taken on 
F; of both the resistant and the sus- 
ceptible F, groups. At St. Paul only 
the resistant group was grown. When 
it is divided into five 3 per cent classes, 
as shown in Table XXII, there is seen 
to be a general, but not a definite, 
decrease in the percentage of resistant 
F; plants. The decrease is from 18.8 
per cent for the 2 per cent class to 5 
per cent for the 14 per cent class. 
At Mandan there was no general 
decrease among the five classes of 
the resistant group. The resistant 
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group averaged 23.4 per cent of re- 
sistant plants at Mandan and only 
8.1 per cent at St. Paul. 

The susceptible group at Mandan 
showed that F; plants having from 16 
to 70 per cent infection produced a 
few resistant plants. All F, plants 
grown which had 71 per cent or more 
of infection, did not produce any re- 
sistant plants. The susceptible class 
produced as a whole only 2.1 per cent 
of resistant plants. Among the en- 
tire 10,042 F; plants grown at Mandan, 
1,567, or 15.6 per cent, were classified 
as resistant. 

Of the 75 Fy selections grown at 
Mandan in 1923, 31 were estimated to 
have an average rust infection of 
15 per cent or less. These were all 
from what appeared to be resistant 
F; plants at St. Paul or Mandan in 
1922. Of the 31 only 10 appeared as 
resistant as Kota (average of 5 per 
cent), including 4 which were noted to 
be more resistant. There is evidence, 
therefore, that F, strains can be ob- 
tained which are homozygous for stem- 
rust resistance. Whether they will be 
as resistant or more resistant than 
Kota under conditions of very severe 
rust remains to be determined. 


YIELD OF PLANTS 


Yield may be considered as a charac- 
ter complex affected by environment 
and by most of the morphological and 
physiological characters of the plant. 
Engledow and Wadham (10) state 
that— 


Cereal yield is controlled by a great number of 
factors which are themselves complex and imper- 
fectly understood. In approaching the yield prob- 
lem it is convenient to arrange these in broad cate- 
gories which may thus be designated: (1) Soil, (2) 
climate, (3) agricultural practice, (4) disease and 
damage, (5) botanical variety or form. 


Beaven (3) concludes that— 


The problem of the cereal breeder is to discover 
the relation between the different structures of the 
individual plant and the probable quantity of 
saleable produce per acre. The predominant factor 
of productivity in cereals is the seed-forming energy 
of the individual plants composing the crop. 


Yields of F, and F; plants were ob- 
tained in the present study. The plants 
were definitely spaced, harvested in- 
dividually, threshed, and the grain 
weighed to tenths of grams. In the 
F, vields were obtained at St. Paul and 
Mandan. The data obtained are given 
in Table XXIII and shown graphically 
in Figure 7. 


TaBLeE XXIII.—Segregation of 1,699 F, plants of the Kota-Hard Federation 
crosses, in comparison with their parents, into 1-gram classes for yield of plan’, 
at St. Paul, Minn., and Mandan, N. Dak., in 1922 





Source and yield classes (grams) 


| Number 


ST. PAUL, MINN. 


Total 


MANDAN, N. DAK. 


F2 hybrid 


| Percent- 
age 


9 


Number and percentage of plants 
| Hard Federation | Kota 


Percent- | Percent- 


age Number 


Number 


WNW ke ee 








Total 


30 | 100.0 
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Federation parents at St. Paul, Minn., and Mandan, N. Dak., in 1922 
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The data show a wide range in varia- 
tion in the yield of F, plants. The 
number of parent plants threshed for 
comparison is small, especially at St. 
Paul. The average yield, standard 
deviation, and coefficient of variation 
of F, hybrids and parents are shown in 
Table XXIV. It appears important 
that at Mandan the average yield of 
the hybrids exceeds that of both parents 


TABLE XXIV. 


tion apparently is the best measure of 
variability. It shows at both points 
that the hybrids are considerably 
more variable than either parent. 

At Mandan, N. Dak., in 1923, the 
threshed grain from 900 F, plant selec- 
tions was weighed and the yields are 
compared with those of the parents in 
Table XXV and shown graphically in 
Figure 8. 


Mean yield, standard deviation, and coefficient of variation for yield 


of plants of Fy hybrids. and of the parents Kota and Hard Federation varieties, 
grown at St. Paul, Minn., and Mandan, N. Dak., in 1922 





Station and material 


ST. PAUL, MINN. 





Mean Standard Coefficient of 
yield deviation variation 
Grams 
aie 3. 970. 06 2. 21540. 045 55. T4381. 144 
re 6. 78+ . 34 2. 1290+ . 239 31. 401+3. 530 
1, 56+. .16 . 9664 . 115 61, 923+7. 383 
seaiiceiel ated 4.15+ .03 1.7134 0. 24 41.2774 .579 
sGuetaual 3.374 .16 1, 284+ .112 38. 101+3. 318 
cenkenan 190+ .12, 1.1144 .082 58. 63244. 315 








and that at both points the coefficient of 
variation is greater for the hybrids 
than for Kota, the high-yielding parent. 
Because of the disparity of numbers 
of the parents and of the low mean yield 
of Hard Federation the standard devia- 
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Fic. 8.—Frequency distribution, by yield of plant, of Fs 
selections and of the Kota and Hard Federation parents at 


Mandan, N. Dak., in 1923 





The data show that in segregation 
for yield the F, selections made in 1923 
were less variable, in comparison with 
the parent than were the F, selections. 
The mean yield, standard deviation, and 
coefficient of variation for the F, hv- 
brids and the parents are shown 
in Table XXVI. 

Table XXVI shows that the 
mean yield of the hybrids is 
slightly but not significantly 
less than that of Kota, the 
higher vielding parent, the dif- 
ference being 0.19+0.10 grams, 
The standard deviation and co- 
efficient of variation also are 
less than for Kota. The mean 
yield of a number of Marquis 
plants grown as checks was 3.03 
grams, which was slightly but 
not significantly less than the 
hybrid selections. 

As practically all the F; 
plant rows were heterozygous 
for one or another of the plant 
characters studied, none of the 
rows was harvested for yield. 
As the mean yield of each 
selection was not obtained, it 
is not possible to show the 
segregation for yield in Fy; ac- 
cording to F, classes. 
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TaBLE XXV.—Yield of 900 F; plants of the Kota-Hard Federation and reciprocal 
crosses, in comparison with that of the parents, grown at Mandan, N. Dak., in 


1923 


| 
| 
> : | 
Frequency classes yield (grams) | 
| 


Number 


Total. 


F; hybrids 


Hard Federation Kota 


Percent- |; 4p Percent- | .; | Percent- 
age Number age Number age 

1.6 11 LL 9 ae ee ae 
12.7 48 50.5 12 16.4 
38. 4 26 27.4 20 27.4 
30. 4 6 6.3 25 34. 2 
12.8 2 2.1 10 13.7 
2.4 2 2.1 4 5.5 
Lt. 1 1.4 
TG) latinnuduelcadendaas 1 1.4 
| ee ee anit 
99. 9 95 100. 0 73 | 100. 0 


TABLE XXVI.—Mean yield, standard deviation, and coefficient of variation for yield 
of plants of F; hybrids and for the Kota and Hard Federation parent varieties, 


grown at Mandan, N. Dak. in 1923 





Station and material 


Pe: Nid. 2: cpt eecnndhdnemenyneadinindsddadedea 


(eee 
Hard Federation. -- 





Mean Standard Coefficient of 
yield deviation variation 
Grams 
Sneer oer 3.054+0.03 1.119+0.018 36. 689-0. 583 
3. 24+ .10 1, 250+ . 070 38. 580+2. 154 
1,934 .07 991+ . 048 51. 34742. 512 





SEGREGATION IN THE F, FOR FAC- 
TORS OF QUALITY 


As the quality of a new hard red 
spring wheat is of importance equal to 
that of yield, it is very desirable to 
determine at the earliest practical time 
the segregation of hybrid selections for 
important quality-affecting factors. In 
the present investigations an effort 
is being made to study certain quality 
factors, starting with grain from F, se- 
Lack of funds 
for this work limits the number of de- 
terminations, so the results here given 
can be considered only as preliminary. 

From the 75 F, selections grown at 
Mandan in 1923, grain from 30 of the 
most promising was selected for mak- 
ing tests for four quality factors. 
These are (1) viscosity, for the quality 
of the gluten; (2) crude protein of 
wheat and flour, for the quantity of 
gluten; (3) gasoline color reaction, for 
the color of the flour; and (4) ash, for 
quantity of ash in the flour. The qual- 
ity and quantity of the gluten in hard 
red spring wheat is of great importance 
to the trade. Their objection to the 
vellowish color and high ash content 
of Kota also makes it desirable to give 
careful consideration to segregation for 
these factors in hybrids having Kota 
as a parent. 





VISCOSITY 


Viscosity determinations have been 
suggested recently by several workers 
as a means of approximately evaluating 
the relative quality of the gluten in 
flours, without’ baking. Principal 
among the studies in this field of col- 
loidal chemistry are those by Ostwald 
(25), and Luers end Ostwald (23) of 
Germany, and by Weaver and Gold- 
trap (37), Gortner and Sharp (16), and 
Sharp and Gortner (29) in the United 
States. A standard method has not 
yet been evolved. 

The writer conducted some prelimin- 
ary trials (unpublished) under the di- 
rection of Dr. C. H. Bailey at the Uni- 
versity of Minnesota, using the im- 
proved MacMichael  viscosimeter. 
Twenty grams of flour of each sample 
were mixed with 100 ce. of distilled 
water and poured into 900 cc. of water. 
The flour particles were kept in suspen- 
sion for 50 minutes by intermittent 
agitation. After settling for 10 min- 
utes the extract was decanted and 500 
ec. of water added to the residue and 
agitated. The suspension again was 
allowed to settle and decanted to 100 
ec. The washing removed a large 
part of the soluble electrolytes. The 
100 ce. of residue was poured into the 
bowl of the MacMichael viscosimeter. 
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A 2-centimeter cylindrical bob was 
used, suspended by a No. 30 wire. 
The viscosity was determined at once 
and after the addition of 0.2, 0.4, 0.6, 
0.8, 1.0, 1.2, 1.4, and 1.6 ce. of normal 
lactic acid. 

One hundred and twelve samples 
were studied, including 50 varieties of 
wheat representing the five commercial 
classes, Hard Red Spring, Durum, 
Hard Red Winter, Soft Red Winter, 
and White, obtained from 11 agricul- 
tural experiments stations in 10 West- 
ern States. The wheat samples had 
been milled and baked previously in 


the Milling Investigations Laboratory 


of the Grain Division of the Bureau of 
Agricultural Economics, United States 






Y 9 


8 


MWSECOSITY (PEGREES MAC 
% 


40 
LACTIC ACID (CUBIC CENTIMETERS) 


— 0.066 + 0.063 and not important or 
significant. These experiments, there- 
fore, confirmed the conclusions of pre- 
vious studies that the viscosity deter- 
minations indicated strength of gluten, 
although there was also a fairly good 
correlation between viscosity and crude- 
protein content. 

This preliminary study led to a trial 
of the viscosity test for determining 
the quality of promising F, selections 
in the present hybrid study. The lim- 
ited amount of grain produced from a 
plant selection prevents the making of 
a baking test. Seventy-five grams of 
wheat of each of 30 Fy selections were 
milled as uniformly as possible and 
produced approximately 35 grams of 
straight flour. Because of the 
smal] amount of grain, uniform 
milling was very difficult and 
the results were not entirely 
satisfactory. The flourobtained 
was tested for viscosity, crude 
protein, gasoline color, and ash. 
The viscosity trials were con- 
ducted by the writer by the 
method decribed above. Flour 
from the Kota and Hard Fe- 
deration parent varieties, as 
well as Marquis, grown in 
check rows, were tested in 
duplicate in a similar manner. 
The viscosities obtained with 
these varieties, with increasing 
amounts of lactic acid until 
maximum viscosity was 
reached, are shown in Figure 
9. The distribution of the 
maximum viscosity of each of 
the 30 hybrid strains is indi- 
cated by dots in the Fizure. 
The segregation by 20-degree 
frequency classes also is shown 
in Table XXVII. 

The data show a wide seg- 


F1G. 9.—Viscosity curves for the Kota, Marquis, and HardFede- gregation with most of the 
ration varieties, and maximum viscosity for 30 Fy KotaX Hard hybrids intermediate between 


Federation selections grown at Mandan, N. Dak., in 1923 the 


Department of Agriculture, at Wash- 
ington, D 

The viscosity as determined by con- 
stant readings, in degrees Mac Michael, 
was correlated with loaf volume, in 
cubie centimeters, and the important 
and significant positive correlation 
0.368 + 0.055 obtained. The viscosity 
of the same samples correlated with 
crude-protein content of the wheat 
(NX5.7, 13.5 per cent moisture) 
gave a less important correlation of 
0.287+0.058. The correlation be- 
tween crude protein and loaf volume 
for the same 112 samples was negative, 


parents, although one 
exceeded Kota and five were lower than 
Hard Federation. The average maxi- 
mum viscosity for the 30 hybrids was 
170 degrees MacMichael, compared 
with averages of 220, 2038, and 129 
degrees Mac Michael, respectively, for 
duplicate samples of Kota, Marquis, 
and Hard Federation. The disparity 
in numbers prevents any conclusion 
regarding the mode of inheritance of 
strength of flour, but there is distinct 
evidence of segregation and the vis- 
cosity test furnishes a _ promising 
method of attack by which to breed 
wheat for gluten quality. 
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TABLE XXVII.—Segregation of 30 F, selections of the Kota-Hard Federation and 
reciprocal crosses, together with the parents and Marquis, for viscosity in degrees 
MacMichael, at Mandan, N. Dak., in 1923 








Hard : 
F, hybrids Federa- Kota Marquis 
tion 
Class 
ey u - 
Number | — Number | Number | Number 
ee 3 | 10.0 
Bbiwaecereneconceawws 2 6.7 1 
ae 2 | 6.7 | 1 
Me aoa tacaelisatet aca eAdsermenamaeee 8 | MERE icckaaaicninghincatneulevbvasacumiee 
SS: «pihatdeeuinguacads 5 | A eS ne 
MoS cat seen dcnce eck scdassaseenaiaseaensean ts 6 eee Eee 2 
WEA & hed 604 pus ncswsdwakaat nd odnnnundecndetudbae 3 7 & hi csdeaeens 
Wiatccseugases 1 i.) ae eee 
Total 30 100. 1 2 2 2 
CRUDE-PROTEIN CONTENT to Kota. Twenty-nine hybrid selec- 


The quantity of crude protein in the 
wheat and flour is a standard index of 
the quantity of gluten. Determina- 
tions in this study were made by the 
method described by Shollenberger, 


tions averaged 16.1 per cent crude 
protein in the wheat, while duplicate 
samples of Kota, Marquis, and Hard 
Federation averaged 15.9, 15.7, and 
14.7 per cent, respectively. 


TaBLeE XXVIII.—Segregation of 29 F, selections of the Kota-Hard Federation and 
reciprocal crosses, together with the parents and Marquis, for crude protein of the 


kernels, at Mandan, N. Dak., in 1928 


Classes by crude protein content (per cent) 


Total_ 


Marshall, and Coleman (31) (N.X5.7, 
basis 13.5 per cent moisture) in the 
Research Laboratory of the Grain 
Division of the Bureau of Agricultural 
Economics. The results obtained on 
crude protein in the kernels are shown 
in Table XXVIII. 

The data show evidence of segre- 
gation in crude-protein content of the 
kernels. The small numbers involved 
do not permit of any definite conclu- 
sion, but in general it appears that 
high crude-protein wheats can be 
obtained from this cross as most of 
the selections are equal or superior 


Hard P 
Federa- Kota 
tion 


F, hybrids Marquis 


ercent- 
Number E — Number | Number | Number 
ane l 
3 10.3 1 
6 20.7 1 
11 37.9 2 1 
4 13.8 
2 6.9 
3 10.3 
29 99. 9 2 2 2 


The results obtained on crude protein 
in the flour are given in Table XXIX. 

The data on crude protein in the 
flour also show evidence of segregation 
and, while the disparity of numbers 
prevents definite conclusions, it ap- 
pears probable that in this cross hybrid 
selections can be obtained which exceed 
the parents in the quantity of their 
gluten. Twenty-eight hybrids aver- 
aged 15.6 per cent crude protein in the 
flour while duplicate samples of Kota, 
Hard Federation, and Marquis aver- 
aged 14.9, 14.6, and 14.3 per cent, 
respectively. 
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TABLE XXIX.—Segregation of 28 F, selections of the Kota-Hari Federation and 
reciprocal crosses, together with the parents and Marquis, for crude protein of the 
flour, at Mandan, N. Dak., in 1923 


| Hard 
| 
| 
| 


; 4 : 
Fy hybrids Federa- Kota | Marquis 
tion 
Classes by crude protein content (per cent) one 
| 
| Percent- 


| 
Number Number | Number | Number 


|} age 

14.0 2 | ae 1 1 1 
1? ees 1 | 3.6 1 
15.0. 7| 25.0 1 
15.5... 10} 35.7 1 
16.0 -_ 5 | 17.9 
| eae 1 | 3.6 
/f ee 1 | 3.6 
i e- 0 | 0 
Oo... 1 | 3.6 

Total. Ete 28 | 100.1 2 2 2 

FLOUR COLOR hybrids and on the duplicate samples 


The gasoline color test is considered Of Kota, Hard Federation, and Mar- 
the best practicable method of deter- US, previously discussed. The data 
mining the color of flour. The method are summarized by frequency classes 
used in this study is described by '!" fable XXX. 

Shollenberger, Marshall, and Coleman The data show considerable segrega- 
(31). A limited number of preliminary tion in the hybrids. The limited data 
experiments have shown Kota to ex- do not show Kota to exceed Hard Fed- 
ceed Marquis in gasoline color value. eration or Marquis in color of flour and 
No comparison had been made be- are not in accord with preliminary ex- 
tween Kota and Hard Federation. periments and commercial findings. 
Because of the popular demand for However, a considerable number and 
white flour and bread there is a_ percentage of the hybrids have less 


TABLE XXX.—Segregation of 30 Fy selections of the Kota-Hard Federation and 
reciprocal crosses, together with the parents and Marquis, for gasoline color value, 
at Mandan, N. Dak., in 1928 





; ' Hard | 
Fy hybrids Federa- | Kota | Marquis 
. tion | 
Classes by gasoline color value | 


Number | Per cent Number | Number | Number 


| 


ms 





| ___- ner . 2 6.7 

eer pupae kdddeenthdnh ws per ne 

ae wictnnakonden Pawiedupene ne kaa 4 13.3 

50... ‘ . ~nenaeee 2 6.7 
5 16.7 1 
9 30. 0 1 1 I 
5 16.7 l l 
3 10.0 eo 
30 100. 1 2 2 | 2 





prejudice against flours with a creamy color than the parents and Marquis, 
or yellowish color containing more indicating segregation in the desired 
earotin. As the trade finds this charac- direction and the possibility of obtain- 
ter objectionable in Kotaitisimportant ing the desired results. The average 
to determine if there is segregation for gasoline color value for the 30 F, 
this character in Kota hybrids. hybrids was 1.79 and that of Hard 
Gasoline color values have been Federation, Kota, and Marquis 2.01, 
determined on the flours of the 30 F, 1.74, and 1.94, respectively. 
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ASH IN FLOUR 


The amount of ash in flour is an im- 
portant factor in the grading and selling 
of flour. A considerable proportion of 
the flour trade buys flour on its ash 
content, as in general it furnishes a 
basis for judging the extraction in 
milling. Certain varieties, however, 
such as Kota, have a relatively high 
ash as an inherent quality. While a 
larger quantity of nutritive ash is not 
objectionable in itself, a variety which 
normally has a higher ash than the 
class average is at some disadvantage 
under present flour standards. 

Experiments reported by Clark and 
Shollenberger (7) have shown Kota to 
have a significantly higher ash content 
than that of Marquis. Table IV shows 


The data show considerable differ- 
ences in ash content and more than 
should be due to differences in milling. 
There is evidence, therefore, that ash 
content is inherited as other quanti- 
tative characters, and that if sufficient 
numbers were studied, the mode of 
its inheritance could be determined 
and selections made which would have 
an inherently low ash. 


CORRELATION OF CHARACTERS IN 
THE F, AND F, 


An inheritance study of the char- 
acters discussed would not be suf- 
ficiently inclusive without some knowl- 
edge of the effect the more important 
characters have on each other and on 
yield. The amount of correlation 
which is found between the different 


TaBLE XXXI.—Segregation of 29 Fy, selections of the Kota-Hard Federation and 
reciprocal crosses, together with the parents and Marquis, for ash in flour, at Man- 


dan, N. Dak., in 1923 





Ash in flour (class) 


Hard 

F; hybrids Federa- Kota Marquis 
tion 

Number I =” Number Number | Number 

2 6.9 | ietee 

12 41.4 |) 

9 31.0 2 1 a 

3 10.3 1 

1 ft ) ee oe sini 

1 3 | a a ee 

l 3.4 |. “ 

29 99. 8 2 2 1 





Hard Federation to average less than 
Marquis in ash content. In the pres- 
ent study of hybrids the ash content of 
the flour could not be very accurately 
determined, due to the small amount 
of grain milled and the nonuniformity 
of milling. It seemed desirable, how- 
ever, to determine the ash content of 
the flour available to see if segregation 
for ash content appeared to occur in 
the hybrids. The data cbtained are 
given in Table XXXII. 

It will be seen that the ash content 
is unusually high for both hybrids and 
varieties. This is largely due to the 
method of milling, the small amount 
of wheat used making it difficult to 
keep part of the germ and shorts from 
passing into the flour. The wheat also 
was not scoured, which undoubtedly 
helped to increase the ash. The 
higher ash content of Marquis and 
Hard Federation over that of Kota, 
may be due in part to their shrunken 
kernels and low weight, due to injury 
from stem rust. 


characters should serve as an important 
guide for the making of further selec- 
tions. Coefficients have been deter- 
mined for the correlation of several 
characters with date of heading and 
yield. Those were calculated by the 
product moment method for coefficient 
of correlation. The correlations of 
height and stem-rust infection with 
date of heading, and date of heading, 
height, stem-rust infection, and awn 
classes with yield, combine the prin- 
cipal data on drought and rust ob- 
tained in this study. 

Time of maturity is important in 
determining the ability of a variety to 
evade or resist drought and rust. 
It has not been determined how early 
wheats may mature in the northern 
spring-wheat area before yield is re- 
duced. High yield may be sacrificed 
with increasing earliness of varieties. 
Real resistance to both rust and drought 
probably is more desirable than earli- 
ness. Both might combine to make 
for maximum success. 
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DATE OF HEADING AND HEIGHT OF PLANT 


The correlation between date of 
heading and height of plant has been 
studied in F, material grown at Davis, 
Calif., St. Paul, Minn., and Mandan, 
N. Dak., in 1922, and F; material 
grown at Mandan, N. Dak., in 1923. 
The Mandan data are given in Tables 
XXXII and XXXIII. 


height of plant was negative and not 
important or significant at Davis, 
Calif., under very favorable conditions, 
but positive, with increasing importance 
and significance, under increasingly 
unfavorable conditions at St. Paul, 
Minn., and Mandan, N. Dak. In both 
F, and F; under droughty conditions at 
Mandan there was an important and 
significant correlation between date of 


Taste XXXII.—Correlation between date of heading and height of plant in F:2 
material of crosses of Kota and Hard Federation wheats grown at Mandan, N. 


Dak., in 1922 





Height of plant (inches) June 





18. | 
oe pg 1 
24.. | 4 
— ee aA 6 7 
30. | 36) 39 
=... 3} 92) 118 
| eee _..| 64 76 
39_. . 1} 5 ll 
ee ay 1 
45 Se 

Total__-_- ettomuatel 4 205 | 253 


r=0.250+0.019 


Date of heading 








July Total 

2 4 6 8 | 10 | 12! 14 
| ———n 
1 1 
1 3 
2 1 i 5 
3 ey 24 
18| 24| 21 6 145 
65) 73| 47| 12 1 416 
53 | 65| 54| 25 5 2 351 
10; 23] 21| 19 1 3 101 
3 4} 9 1 21 
1 1 
154| 197 | 154] 65 7 5 | 1, 068 





Taste XXXIII.—Correlation between date of heading and height of plant in Fs 
material of crosses of Kota and Hard Federation wheats grown at Mandan, N. 


Dak., in 1923 


Height of plant (inches) 


Total 
r =0.4104 0.021 


A summary of the coefficients ob- 
tained is as follows: 
F.,, 1922: 
At Davis, Calif...—0. 083 +0. 023 
At St. Paul, Minn... . 131+ .029 
At Mandan, N. Dak. . 250+ .019 
F;, 1923: 
At Mandan, N. Dak. . 410+ . 021 
It will be noted that in F, the corre- 
lation between date of heading and 


Date of heading 
June July Total 


20 23 26 | 29 2 5 8 


3 7 9 19 
24 85 61 4 174 
23 114 114 10 3 l 265 

8 45 94 9 8 1 2 167 

12 39 15 6 3 75 

2 7 3 6 1 19 

2 2 

8 265 324 41 25 6 | 2 721 


heading and height of plant. The 
early plants more often were found to 
be short and the late plants to be tall. 
While the results at Davis indicate 


that the Mandan results are largely 
due to environmental conditions, ran- 
dom selection of early plants at Mandan 
would, to a certain degree, lead to the 
selection of short plants as well. 
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DATE 


OF HEADING 
INFECTION 


AND STEM-RUST 

The effect of earliness on infection of 
stem rust is a problem of considerable 
economie importance. Correlations 
between date of heading and stem-rust 





YIELD AND DATE OF HEADING 


Productiveness or yield is the desired 
result of wheat breeding. Other char- 
acters are important in so far as they 
affect yield. Quality is important with 
high yield. The principal characters 


TaBLE XXXIV.—Correlation between date of heading and percentage of stem-rust 
infection in F; material of crosses of Kota and Hard Federation wheats grown at 


Mandan, N. Dak., in 1922 





Stem-rust infection (per cent) June 
| 26 | 2 30 
$. nance ‘. aa 4 1 
15 ‘ ‘ oo | -| 42 31 
25 ‘ ba 1 30 30 
35 poet - 1 27 53 
45 P ne a hans p 45 60 
56... ‘ ‘ inteed 1 27 33 
65 cocks ek aera aved Ramtec 1| 2 36 
75 ; aah { 4 5 
85 ee ee ss i sctd aa ecco es sade 4 
95 Be Aenea eee OR ey ee 
ae ee ne 4 | 205 253 
r=0.31140.019 
infection have been studied in F, 


material of the Kota-Hard Federation 
crosses at St. Paul, Minn., and Mandan, 
N. Dak., in 1922, and F; material at 
Mandan in 1923. The Mandan F, 
data are given in Table XXXIV. 

The coefficients obtained are sum- 
marized as follows: 
F;, 1922: 


AtSt. Paul, Minn... 0. 093+0. 029 
At Mandan, N. Dak. .311+ .019 
F;, 1923: 
At Mandan, N. Dak. . 156+ . 025 
A significant positive correlation was 


found between date of heading and stem- 
rust infection in three instances. The 
coefficient was not large at St. Paul, 
but a fairly high degree of correlation 
was indicated at Mandan in both years. 
The wheat in 1922 was later in matur- 
ing at Mandan than at St. Paul, due 
to later seeding and being farther 
north, and rust may have had as good 
a chance to infect the early plants as 
the late ones. On the other hand, 
there probably was more rust inoculum 
present in the latter part of the ripen- 
ing period, so that some of the early 
plants may have partly escaped. 
Selections of rust-resistant plants, there- 
fore, must be thoroughly tested to be 
certain that they are resistant rather 
than escaping. A few fairly late plants 


in both F, and F; appeared resistant at 
Mandan. 


Date of heading | 





July Total 

2 4 6 8 | 10 | 12 | 14 | 
1 1 | 7 
9| 12 2 ae 97 
16; 13!) 16 2 1 109 
“| 28] @B 6 5 l 168 
45| 46| 36; I 5 1 1 250 
21/ 30| 22; 12 5 151 
2%] 48| 36; 2| 7 3 2 210 
8; 16| 12 7 | 2 2 56 
2 2 6 2) 1}. 17 
1 1 2 
154 | 197] 153; 65| 24 7 5 | 1,067 


previously discussed which could affect 
production are now studied for correla- 
tion with yield. 

The effect of time of maturity on 
yield usually is important in the 
northern spring-wheat area. The aim 
of the breeder is to produce just as 
early a wheat as can be grown without 
sacrificing productiveness. Data on 
correlations between date of heading 
and yield of plant were obtained in F 
from St. Paul, Minn., and Mandan, 
N. Dak., in 1922, and in F; at Mandan 
in 1923. The results from Mandan in 
F; are given in Table XXXYV. 

The coefficients obtained are as fol- 
lows: 

F,, 1922: 
AtSt. Paul, Minn.. —0. 324+. 026 
At Mandan, N. Dak. —0. 176+. 020 
F;, 1923: 
At Mandan, N. Dak. —0. 193+. 024 

A significant negative correlation was 
found between vield and date of head- 
ing under the three conditions. The 
correlation was most important at St. 
Paul. At Mandan in both 1922 and 
1923 the amount of correlation is not 
sufficient to be considered very impor- 
tant from a selection standpoint. 
Early heading selections, however, offer 
the greater possibilities for high yield. 

It seemed desirable to determine the 
inheritance of date of heading in F, in 
relation to that of F,. The correlation 
of 0.758+0.024, obtained from 148 
plants and shown in Table XXXVI is 
very important. 
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TaBLE XXXV.—Correlation between yield of plant and date of heading of F; | 


material of crosses of Kota and Hard Federation wheats grown at Mandan, N. Dak., 


in 1923 





Date of heading 


{33 
, 23 
June.... ek wheeehdadensc anak hate "726 
29 

9 

PE tchidk pebianaane J 5 
Is 

Total 


r=—0.193+ 0.024 











TaBLE XXXVI.—Correlation between date of heading in F, and F3 of crosses of 
Kota and Hard Federation wheats grown at Mandan, N. Dak., in 1922 and 1923 
Date of heading, 1922 
Date of heading, 1923 June July Total 
26.5 | 28.5 0.5 2.5 4.5 6.5 8.5) 10.5 
aie 9 Renn Bema Boe] UR i 
5| 48| 11 4 68 
dumne.....<.-. 10 10 7 3 ee ees 31 
2 7 6 7 2 9 eae 25 
3 1 1 1 6 
1 1 
Wee edennenneain 
ones e ie i= 3 
NN a it Oe ee 5| 73 | 28| 21 ll 4 5 | 1 148 
r = 0,758 + 0.024 
YIELD AND HEIGHT OF PLANT moisture. Hard Federation often is too 
From a breeding standpoint it is short to be conveniently harvested. 
important to determine whether short Kota, on the other hand, is slightly taller 
or tall plants are more productive. than necessary. Height, therefore, 

Height also is an important economic Should be given careful consideration 

factor in wheat production. The aim while making selections of the progeny. } 

of the breeder is to produce a variety But it is first necessary to know the effect 

tall enough to be conveniently harvested of height on yield. Data on correlations 

with a self-binding harvester and still between these factors were obtained in 
° * rn ° ' ateric ~ > 7 

produce maximum yield. Taller vari- /; material at St. Paul, Minn., and 

eties have no particular advantage. Mandan, N. Dak., and F; material at 

They are subject to greater injury from Mandan. The Mandan F, data are 

storms and use more soil fertility and presented in Table XXXVII. 

TaBLe XXXVII.—Correlation between yield of plant and height of plant in F, 
material of crosses of Kota and Hard Federation wheats grown at Mandan, N. 
Dak., in 1922 
Height of Yield of plant in grams 
plant, - . Total 
inches | 0.5 | 1.5 | 25 | 35 | 45 | 55 65 | 7.5 | 85 | 9.5 | 10.5] 11.5 | 12.5 

18 1 - | Se a Ae ee Fane ] 

21 l 1 1 ea CA) AAR SENET SRS RET Keg) OPE 3 

24 3 ay 4 | 1 i --|-- Beal eecacthccod aheadvenlbacess 7 

27 eee eee, Re Fig ee meuleeweasl 4 

30 3) 25) Sl] 45] 2 5 3 2 | 14 

33 26} 83] 136] 102 6 22 6) 2 1 1 1 436. 

36 4) 14] 40| 79] 97| 54| 45) 16] 11 3 3 ‘i: 376 

39 12} 14| 382; 20; 22! 10 2 1 : 113 

42 1 3 3 7 s 2 1 2 : Dy 

45 l ea g | ces | 

. fae a : . ' _| bel PN oe Pe 
Total 15 83 | 196 | 278) 259 155 94) 35 17 5 3 | 1 1} 1,142 








| 
| 
l Total 
0.5 1.5 2.5 3.5 | 4.5 5.5 6.5 
| | 
peae 7} 12| a| 13 Ries 58 
ij} 21] 10] 94| 33! 7) 2| 268 
3| 55| 129| 94] 37) 5] 3] 2% 
1 7| 3! i 4 | 42 
3 6 5 8 2 25 
2 2 1 Sead Blgacs | 6 
- 1 1 tne) anaes | eee | 2 
10 97 272 229 90 18 5 721 § 
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\ summary of the coefficients is as 
follows: 
F,, 1922: 
At St. Paul, Minn. 0. 348+0. 025 


At Mandan, N. Dak. . 405+ .017 
F;, 1923: 
At Mandan, N. Dak. . 288+ . 023 


Important and significant correla- 
tions between yield and height were 
obtained. Height appears to be of 
greater importance than any of the 
other characters studied. As the 
amount of the correlation was con- 
siderably reduced at Mandan in F; as 
compared with F:, it is possible that 
the increase is partly expressive of hy- 


ciently large to justify the selection of 
tall plants instead of short ones. 

It is desirable to determine the in- 
heritance of average height of row in 
F; in comparison with height of F, 
plants at Mandan. The correlation 
of 0.556+ 0.038 in 152 F, plants, given 
in Table XX XVIII, is both high and 
significant. 

YIELD 


AND AWNEDNESS 


The effect of the awn or its absence 
on yield already has been discussed. 
It was shown that the presence of 
awns was of some importance under 
droughty conditions. In addition to 
determining the mean vield of the 


TaBLE XX XVIII.—Correlation between height of plant in F, and in F3 material 
of crosses of Kota and Hard Federation wheats grown at Mandan, N. Dak., 


in 1922 and 1923 


Height of row, 1923 





(inches) 
29.5 
9 
2 
amekiesaa 1 
we 1 
a RATE CT SEES tae 
OE SR PSE AEA Tek a BE eee Mac ncl 
i ieiis antabuse rdw <codeatmwabs saad oak eed 
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brid vigor. There were no particu- 
larly high yielding short plants in F). 
Height had more of an effect on yield 
at Mandan under droughty conditions 
than at St. Paul under rather humid 
conditions. Apparently shortness of 
plant is not correlated with real drought 
resistance. The correlations are suffi- 


Height of plant in inches, 1922 
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plants in each awn class, it seems de- 
sirable to determine the correlation 
between awnedness and yield. The 
Mandan F; data are given in Table 


XXXIX. The awn classes are (1) 
awnless, (2) apically-awnletted, (3) 
awnletted, (4) short-awned, and (5) 


awned. 


Taste XXXIX.—Correlation between yield of plant and awnedness in F3 material 
of crosses of Kota and Hard Federation wheats grown at Mandan, N. Dak., in 


1923 


Awnedness classes 


moe 


Total ___. 


Yield of plant in grams 
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The coefficients are: 
F,, 1922: 


At St. Paul, Minn 0.079 + 0.028 


At Mandan, N. Dak .051+ .021 
F;, 1923: 
At Mandan, N. Dak. .104+ .025 


The correlations are positive but 
small and hardly significant except in 
F; at Mandan in 1923. The F, data 
show that the presence of awns and 
their length have but slightly less 
effect upon the yield under droughty 
conditions at Mandan than under 
humid conditions at St. Paul. The 
F; data indicate, although the correla- 
tion is small, that preference in the 
selection of awned plants rather than 
at random seems justified. 


YIELD AND STEM-RUST INFECTION 


Stem-rust infection is not necessarily 
an index to rust damage. The same 


ing amounts of infection. Data were 
obtained in this study in F, at St. 
Paul, Minn., and Mandan, N. Dak., 
and in F; at Mandan, N. Dak. The 
data from F; at St. Paul, Minn., in 
1922 are given in Table XL. 

The coefficients are summarized as 
follows: 


F,, 1922: 


At St. Paul, 

i ee —0. 082 +0. 028 
At Mandan, N. 

i ae _.. — .009+ . 020 


F,, 1923: 
At Mandan, N. 
Dak - - 


The correlations are negative, as ex- 
pected, but they are small and not sig- 
nificant. The infection of rust that oc- 


— .042+ .025 


TaBLE XL.—Correlation between yield of plant and percentage of stem-rust infection 
in F. material of the crosses of Kota and Hard Federation wheats grown at St. 


Paul, Minn., in 1922 








Stem-rust 
infection, | 


per cent 3.5 | 4.5 | 5.5 
| 
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5... 2 1 2 1 
15. 2 2 7 6 6 4 
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75. 4 7 7 4 6 
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95 a 1 1 

Total 29 88 | 97 100 86 67 


r= —0. 08240. 028 


percentage of stem-rust infection in 
different years may cause different de- 
grees of damage. An important corre- 
lation between rust infection and rust 
injury may be obtained when rust is 
the principal limiting yield factor. 
The years 1922 and 1923 were ones of 
general rust infection. The damage, 
however, varied with the time and 
amount of infection in different locali- 
ties and with the stage of growth of 
the wheat plant. A correlation study 


between the percentages of stem rust 
and yield of plant furnishes a method 
of determining rust damage from vary- 
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curred in these experiments, therefore, 
had little or no effect on yield. An op- 
portunity for selection of resistant 
plants was offered, however, the im- 
portance of which is in no way lessened 
by the results of these correlations. 

It is important to determine how the 
average infection of F; strains is corre- 
lated with that of F, plants. The data 
presented in Table XLI show that a 
large, important, and significant coeffi- 
cient of 0.674 +0.018 was obtained. It 
may be concluded, therefore, that the 
resistance to stem rust that occurred is 
inherited. 
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Taste XLI.—Correlation between percentage of stem-rust infection in F, and F, 
material of reciprocal crosses of Kota and Hard Federation wheats grown at St. 
Paul, Minn., and Mandan, N. Dak., in 1922, and at Mandan, N. Dak., in 1923 


; ‘ , : Stem-rust infection, per cent, 1922 
Stem-rust infection, 1923 
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SUMMARY 6. Glume color did not appear to 


be inherited in a monohybrid ratio in 

1. This genetic study was made for FF», but those data corrected on the basis 
the purpose of obtaining resistance to of F3, when a part of the recessive 
drought and rust in a high-yielding white-glumed class segregated, proved 
hard red spring wheat of superior that only one genetic factor was 
milling and bread-making quality. involved. 

2. The Kota and Hard Federation 7. The color of the kernel segregated 
varieties were selected as parents for in F.) in numbers close to the 15:1 ratio. 
the crosses because they appeared to In F; the white strdins bred true and 
be the best available material for com- the red strains bred true or segregated 
bining in one study the problems of in a 3:1 or 15:1 ratio. 


obtaining resistance to drought and 8. Early maturity as determined by 
rust, combined with high yield and date of heading was found to be domi- 
quality. nant to late maturity. 

3. The material was grown at three 9. Tallness of plant appeared to be 


points, i. e., Davis, Calif., under ideal partially dominant but due principally 
conditions, St. Paul, Minn., under con- to heterosis and was easily affected by 
ditions of rust prevalence, and Mandan, environmental conditions. 
N. Dak., under droughty conditions. 10. Resistance to stem rust proved 
4. Reciprocal crosses were studied. recessive and in F, appeared to occur 
No important maternal or paternal close to a 1:15 ratio. In F;, however, 
influence was found although a slight not one of nearly 300 resistant F, fami- 
and consistent influence was noted for _ lies bred true for resistance, although at 
certain characters. With these, only St. Paul, Minn., 8.1 per cent of 2,068 
when the variety with the dominant fF; plants were resistant and at Man- 
character was used as the female parent dan, N. Dak., 23.4 per cent of 6,387 
was a fit significantly close to the ex- were classed as resistant. Evidence 


pected ratio usually obtained. was shown that strains homozygous for 
5. The inheritance of awns was par-_ resistance could be obtained in Fy. 
tially explained on a dihybrid Mende- 11. Yield appeared to be due to 


lian ratio, in which five classes were multiple factors. F, hybrids exceeded 
studied and the short-awned and awned___ the parents in variability, but F; selec- 
classes were shown to be recessive to tions were less variable in comparison 
the awnless, apically-awnletted and with the parents than the F, selection. 
awnletted classes. Neither the awned 12. Segregation for quality and quan- 
nor awnless classes bred true in F;,and_ tity of the gluten was shown, by the 
complete homozygosity for these classes use of viscosity and crude-protein de- 
could be interpreted only on a multiple- terminations, to have occurred prior 
factor hypothesis. to the Fy. 
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13. Evidence of segregation for the 
color and ash of the flour also was indi- 
cated amung F;, selections. 

The amount of correlation be- 
tween date of heading and height of 
plant increased with increasingly un- 
favorable environmental conditions due 
to rust and drought. 

15. A significant positive correlation 
was found between date of heading and 
percentage of stem-rust infection; the 
sarlier plants apparently partially es- 
‘aped rust. 

16. Date of heading and yield of 
plant were negatively correlated, early 


plants proving more productive. An. 


important correlation was obtained 
between dates of heading in 1922 and 
in 1923. 

7. Important and significant posi- 
tive correlations were obtained be- 
tween yield and height of plant and 
between heights of plant in 1922 and 
in 1923. 

18. Small positive correlations were 
found between awn and yield. Dif- 
ferences of 11 to 18 per cent in yield 
were found in favor of awned over 
awnless strains. 

19. Negative correlations, not im- 
portant or significant, were obtained 
between yield of plant and stem-rust 
infection. An important correlation 
was obtained between stem-rust  in- 
fections in 1922 and in 1923, proving 
that resistance is inherited. 

20. Selections have been made from 
the cross on the basis of the informa- 
tion gained from the investigations. 
Early, tall, awned, rust-resistant high- 
vielding plants predominate among the 
selections. Their quality in F, and 
later generations, based on the quality 
and quantity of gluten and color and 
ash of the flour, have been and will be 
used as a basis for further trial or for 
elimination. The white types are 
being grown in the Pacific Coast area 
and the hard red spring types will be 
extensively tested under conditions of 
drought andrustin the northern spring- 
wheat area. 
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UNIVITTATUS (ROSSI), 
POWDER-POST BEETLES ' 


EGG AND FIRST-STAGE LARVA OF TARSOSTENUS 
A BEETLE PREDACIOUS 


ON 


By R. A. St. GeorGE 


Assistant Entomologist, Forest Insect Investigations, Bureau of Entomology, United 
States Department of Agriculture 


INTRODUCTION 


The family Cleridae has long been 
recognized as one of considerable 
economic importance because of the 
predacious habits of the beetles, both 
in the larval and adult stages. Cham- 
plain (1)? states that “they are among 
the principal predators of wood and 
bark boring beetles, the adults attack- 
ing the adults of the destructive 
species while the larvae feed upon the 
eggs and broods in the bark and wood.’’ 
And he continues: 

“Under natural conditions they may 
be of but normal importance but can 
be turned to considerable account in 
control measures with the additional help 
of man, who can overbalance the natural 
conditions in favor of the predators by 
properly conducting control work.” 

The beetle Tarsostenus wunivittatus 
(Rossi)* is one of the clerid species and, 
according to Champlain (/), princi- 
pally a predator on powder-post beetles 
such as Lyctus and Xylobiops (=Sinox- 
ylon) in dry, seasoned wood products.! 
Of this species several living adults 
were obtained while the writer was 
supervising a series of experiments 
which were recently conducted by the 
Bureau of Entomology in cooperation 
with the Naval Aircraft Factory at the 
League Island Navy Yard, Philadel- 
phia, Pa., to determine temperatures 
fatal to the powder-post beetle Lyclus 
planicollis Le Conte by steaming in- 
fested ash and oak lumber in a kiln (4). 
Additional infested ash lumber was 
sent to the Forest Insect Laboratory, 
East Falls Church, Va., and several 
adult beetles were secured from this 
material to be placed in cages for rearing. 


TRANSFORMATION TO ADULTS 
AND MATING 


Most of the beetles probably pass 
the winter in the larval stage, although 


a few may pupate before carly spring, 
especially if they are in wood which is 
kept in a heated building. In De- 
cember, 1923, samples of infested wood . 
were placed in a heated building and 
were kept at a temperature of 70° F., 
or slightly higher. When examined five 
weeks Jater, most of the beetles were in 
the larval stage, but two pup and three 
maturing adults were found. This is 
in accordance with the statement of 
Champlain (1) that ‘‘clerids over- 
winter sometimes in all stages, and 
sometimes only in a certain stage. 
The time of transformation to adults 
is generally in the spring, but it varies.’’ 
Thus the first adults emerged from the 
cages containing the infested lumber 
during the early part of February. 

Probably the adults of Tarsostenus 
univittatus emerge about the same time 
as those of their host, Lyctus plani- 
collis, for Snyder (3, p. 14, 4) records 
that adults of the latter emerged as 
early as January 12 in a heated build- 
ing in the vicinity of Washington, D. C., 
that their general appearance occurs 
about the middle of April, the maxi- 
mum emergence from the last of April 
to the first of June, and the last emerg- 
ence during the first part of July. 
All these data coincide with correspond- 
ing data for Tarsostenus univittatus, 
as far as observations have been made. 

The mating usually occurs shortly 
after the adults emerge. 


OVIPOSITION 


Oviposition begins a day or two after 
the adults emerge from the wood and 
mate. The beetles were observed to 
crawl into the entrance galleries of 
their host, and it is Jikely that eggs 
were deposited there. According to 
Champlain (/) “they may be placed 
in or near the entrance gallery of their 


1 Received for publication April 22, 1924—issued—January, 1925. 
? Reference is made by number (italic) to “‘ Literature cited,” p. 51. 


§ Order Coleoptera, family Cleridae. 


the 
a ga 


‘ That the larva does not confine itself to attack on a single host is suggested by the observations of 
—_ writer, who saw a mature larva in rearing craw! over the surface of the wood and enter 
lery of Lyctus from which powderlike borings were being ejected. Altogether, a large 


reentage 


of their host must have been killed by the attacks of the beetle, both in the larval and adult stages. 
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host.”” In order to observe the process 
of oviposition three adults, two females 
and a male, were placed in a small vial 
which contained a porous stopper. In 
this way oviposition was observed 
without much difficulty. The female, 
before inserting the egg, spends con- 
siderable time moving from place to 
place, with the ovipositor extended, 
to find a suitable opening. The ovi- 
positor is nearly as long as_ the 
body. It terminates in two slender, 
palpilike processes which are used to 
locate the desired opening. Whensuch 
a place has been found the end of the 
body is placed close to the opening and 
the ovipositor is inserted into the cavity. 





Vol. XXIX, No. 1 


THE EGG 


The egg (fig. 1, a), in many respects, 
bears a rather striking resemblance to 
that of its host, Lyctus planicollis (fig. 
1, b). In fact, when seen in a pore in 
the wood, it might easily be mistaken 
for the latter. It (fig. 1, d) is elongate, 
cylindrical, rounded at the posterior 
end and drawn out into a slender 
strandlike process at the cephalic end. 
It is grayish-white in color, somewhat 
shiny, 0.85 mm. long without the 
strandlike process, or 1.2 mm. with this 
process included, and 0.123 mm. in 
width. The egg of Lyctus planicollis is 
slightly smaller, being 1 mm. long with 


FiG. 1.—Tarsostenus wnivittatus: a, Egg with newly formed embryo; c, greatly enlarged view of end of 


egg, showing anular ap 


arance; d, outline of egg, showing strandlike attachment; e, part of egg, 


showing dorsal view of 6th, 7th, 8th, and 9th abdominal segments of larva ready to hatch; f-k, larva 
hatching from egg, liberating first the caudal setae and then the abdominal segments; J, larva free from 


eggshell, and the empty shell. Lyctus planicollis: 


scale as a. 


After a short time, during which a 
pumping movement was noted in the 
ovipositor, the egg was inserted into 
the pore. In one instance seven 
minutes elapsed before the process of 
ovipositing was completed. Upon ex- 
amining the stopper three days later 
seven eggs were found. They were 
all inserted in the same cavity, side 
by side, probably for the simple reason 
that it was the most favorable place. 
It is quite likely that under natural 
conditions from one to three eggs 
would be deposited in a pore, as is the 
case with Lyctus. 


b, Egg with larva ready to hatch, drawn to same 


the process (fig. 1, 6). The process re- 
sembles that on the eggs of Lyctus 
planicollis, and of the bostrychids 
Scobicia declivis Lec. (2) and Xylobiops 
basilaris (Say). It has a granular ap- 
pearance (fig. 1, c) like that of Lyctus 
but differs from the latter by the 
absence of the longitudinal striae on 
the end which bears the process. As 
is the case with the above mentioned 
eggs which it resembles, the end bear- 
ing the strandlike process leaves the 
ovipositor last. 

After the egg is a few days old the 
formation of the larva within can be 
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seen, especially when the latter moves. 
It occupies nearly the entire egg. 
After a period of incubation of about 
10 days the larva becomes quite active 
and is ready to emerge. It twists and 
turns, causing the closely-fitting egg- 
shell to follow the movements of its 
body. At that time, just before hatch- 
ing, part of the segments assume a 
violet tint and the mandibles can now 
be seen. 

The process of hatching is a very 
interesting one and is accomplished in 
a manner which again is similar to 
Ha ag find in Lyctus planicollis (fig. 
1, et). 

When ready to emerge, the larva 
begins to push against the posterior 
end of the egg by alternately contract- 
ing and expanding its body (fig. 1, e). 
The ninth abdominal segment is armed 
with stiff setae which are’ used for 
piercing the eggshell. First one (fig. 
1, f) and then several setae may be 
seen protruding through the end of 
the shell (fig. 1, g). Next, the ab- 
dominal segments may he seen gradu- 
ally working themselves out (fig. 1, 
h-k), until finally the larva frees itself 
completely and starts to crawl about 
(fig. 1, 1). 

Under natural conditions the entire 
process of emerging probably takes less 
than an hour, but in the laboratory, 
when the eggs were placed in a plaster 
cell and little opportunity given for 
holding the shell in place, it took three 
hours. When, however, the cephalic 
end of the shell was held fast the pro- 
cess was completed in considerably less 
time. From this fact it occurred to the 
writer that the reason why eggs of this 
type have the peculiar strandlike pro- 
cess at the cephalic pole is that it 
enables the adult to attach the strand 
to the wood in order that the egg can 
be held in place while the larva emerges. 
In one instance a larva was unable to 
emerge from the egg after twisting and 
turning for a long time, presumably 
owing to the fact that the egg was not 
held in place. 


THE FIRST-STAGE LARVA 


The first-stage larva is armed with 
setae which are much longer than in the 
mature specimens.5 When the larva is 
in the egg these setae are pressed close 
to the body, but as soon as the segments 
are free from the eggshell the setae 
straighten out. The newly hatched 
larva is nearly white except for the 
violet markings on the segments; the 
ampullae are slightly developed on the 
terga of the 6th and 7th abdominal 


5A. QG. Béving (1) has described and figured the mature larvae of this family. 
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segments, a characteristic also of the 
mature larva. The mandibles, cerci, 
and claws are lightly chitinized, and 
four ocelli are present on each side of 
the head, also as in the mature larva. 
It has not been possible to find any 
spiracles. 
SUMMARY 


Tarsostenus univittatus (Rossi) be- 
longs to #he family Cleridae, which is 
of considerable economic importance 
because of the predacious habits of the 
beetles in both the larval and adult 
stages. Several adults were reared 
from ash lumber infested with the 
powder-post beetle Lyctus planicollis 
Le Conte, on which it is known to be 
predacious. 

Under normal conditions the beetles 
pass the winter in the larval stage and 
adults emerge in the spring about the 
time the powder-post beetles appear. 

Oviposition begins soon after the 
adults mate; elongate, cylindrical, gray- 
ish-white eggs, which possess a peculiar 
strand-like process on the cephalic end, 
are deposited in or near the entrance 
gallery of their host. The process is 
probably attached to the wood to hold 
the eggshell in place while the larva 
emerges. After a period of incubation 
of about 10 days, the larva hatches 
from the egg by backing out, freeing 
itself by using its long, stiff caudal 
setae to pierce and break the posterior 
end of the shell. 

The first-stage larva differs from the 
mature form in that the setae are much 
longer, but resembles it in having 
violet-colored markings on its segments; 
ampullae present on thesixth and seventh 
terga; the mandibles, claws, and cerci 
lightly chitinized; and four ocelli on 
each side of the head. 
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PYTHIUM ROOTLET ROT OF SWEET POTATOES! 


By L. L. Harter 


Pathologist, Office of Cotton, Truck, and Forage Crop Disease Investigations, 
Bureau of Plant Industry, United States Department of Agriculture 


The genus Pythium, certain species 
of which are known to cause “‘damping- 
off” of a number of plants in the seed- 
ling stage, has never been reported on 
the roots of sweet potatoes so far as the 
writer is aware. Sweet potato plants, 
the rootlets of which were partially 
decayed by Pythium, were first col- 
lected in New Jersey in 1914. Since 
then it has frequently been observed 
and collected from various types of 
hotbeds in New Jersey, Delaware, 
Maryland, Virginia, and in many of the 
States in the South and West. Itisnot 
unlikely that under suitable environ- 
mental conditions the disease may occur 
wherever sweet potatoes are grown. 

Although the Pythium rootlet rot 
of sweet potatoes occurs principally 
in the hotbed or seedbed, it has been 
found on the roots of plants from the 
time they were set in the field until 
they were dug. The amount of injury 
actually caused by the disease is diffi- 
cult to estimate. Undoubtedly plants 
having the ends of the smaller roots 
dead are at a disadvantage and would 
be slow in starting to grow after being 
set in the field. Furthermore, obser- 
vations have shown that infected plants, 
especially if the soil conditions are un- 
favorable, remain stunted the entire 
summer. Itis probable that a consider- 
able amount of the loss hitherto attrib- 
uted to the socalled “sick soils” is 
actually due to the injury to the root 
system by Pythium throughout the 
summer. It is interesting to note in 
this connection that Rhizoctonia is 
sometimes associated with the Pythium 
in the decayed ends of the rootlets. 

Pythium rootlet rot has been found 
in hotbeds or seedbeds prepared by the 
use of soil which ws almost pure sand. 
It is more prevalent in old beds or beds 
in which the soil or sand has been used 
for several years. The amount of 
infection is apparently increased by an 
abundance of moisture in the soil. If, 


on the other hand, the bed later 
becomes dry, the injury to the plants is 
increased as a result of the reduction of 
the root system. Pythium rootlet rot 
is primarily a disease of the small 
rootlets, as shown by the accompany- 
ing illustration (Pl. 1). The infections 
take place at the tip ends of the rootlets 
and from there the fungus grows 
progressively up the root, killing it for 
a distance of from 4% to 3 cm. or more 
from the tip. 

In the spring of 1924 twenty-one 
varieties of sweet potatoes were bedded 
in soil that had been used for a sweet- 
potato bed the two preceding years. 
The soil contained a _ considerable 
amount of organic matter in the form 
of stable manure and decayed roots and 
vines. When the plants were pulled 
they were carefully examined and 
Pythium rootlet rot was found on all 
the varieties. There was, however, 
considerable variation in the amount of 
infection among the different varieties, 
as shown by the following data: The 
amount of infection on different varie- 
ties of sweet potatoes by the Pythium 
rootlet rot showed severe infection on six 
varieties, Big Stem Jersey, Key West, 
Creola, Little Stem Jersey, Nancy Hall, 
and Porto Rico; moderate infection on 
12 varieties, Red Jersey, Georgia, 
Triumph, Yellow Belmont, Gold Skin, 
Dooley Haiti, Dahomey, Red Brazil, 
Gen. Grant Vineless, Pierson, and 
Southern Queen; and slight infection on 
three varieties, Pumpkin, Yellow Stras- 
burg, and White Yam. This classifica- 
tion is merely an estimate and was 
determined by a careful examination of 
the roots of a number of plants. In 
many cases it was difficult to deter- 
mine to which group a certain variety 
belonged, and as a matter of fact, there 
are several varieties in the ‘‘moderately 
infected” class which are on the border 
line of either the ‘severely’ or 
“slightly” infected group. 


1 Received for publication Aug. 30, 1924—issued January, 1925. 
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Pythium Rootlet Rot of Sweet Potatoes Plate 1 


Note the large number of rootlets that are partially or completely decayed. Infection usually 
begins at the end of the rootlet and extends progressively up the root 
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The writer has made no study of the 
species causing Pythium rootlet rot. 
The taxonomy of the causal organisms 
will be handled by Dr. Chas. Drechsler, 
who is making a monographic study of 
the genus. Judging from a preliminary 
study of the large number of cultures 
Doctor Drechsler has already obtained 
from the sweet-potato roots, it is not 
unlikely that two or three species of the 
debaryanum type may be identified. 


Pythium Rootlet Rot of Sweet Potatoes 





SUMMARY 


The Pythium rootlet rot of sweet 
potatoes occurs quite commonly in the 
hotbeds in various parts of the country. 
The disease apparently has its begin- 
ning at the end of the small rootlets 
and works progressively up the root. 
Investigations have shown that all 21 
varieties tested are susceptible to the 
disease, but-not to the same degree. 
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